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This digest describes the finding4 01' a n  inter- 
national scanning tour undertaken to obtain a broad 
o\.er\,ieu of bridge design, niaterials technolog!. 
construction procedurei. and maintenance prac- 
tices in Asia. The scanning ream l'ocu\ed o n  idcn- 
tii'ying technological de\t.lopments i n  Asia that 
ha\,e the potential for application in the United 
States. I n  addition. the team \hal.ed inforniation 
~ , i t h  their international counterparts on I1.S. prac- 
tices i l l  highu,ay bridge co~i\ tr i lct io~l.  ~ii;iinti.n;~llcc, 
and management to promote internation~tl ex- 
change and cooperation. 

The \canning tour co~icentr;~teci 011 the f o l l o ~  - 

Ing topic\: 

Dcxign xtanclards. codei.  and >pccit'ic,ation\: 
Design and construction p r x t i c c i :  
Materials. fabrication, and joining tech~liquc\:  
Bridge protection strategies: 
Inxpection and rehabilitution pructices: 
Programming and management prac,ticcs: and 
Inno\,ations. 

The re\,iew \$.as performed b) an I I -memhcr 
team reprc\enting se\cral  of the stale\. thc Fecicl-:\I 
H igh \ \ .~~y  Admin i \ t r a t io~~  ( F H W A  ). .A~iwrican , \ \- 

sociation of Start. Highisaq and Transpcmation 
OJ'ficial\ tA;\SI-1101. and National Cooperati\,e 
Hiylina! Ke\earch Program ( N C H R P ) .  The xcan- 
ning tour took place from September 19 through 
September 18. 1997. and in \o l \ ed  \ ' i x i t \  to Jap811. 
South Korea. and Tai\\.an. 

In Japan. the team met ~t ' i th  representati\.es of 
the Hon\hu-Shiliohu Bridge Authorit\, ( H S B X ) .  
Public Ll.'orh\ Ke\carcli Inhtitute (PU 'RI ) .  Japan 
High\t,a\. Public Corporation ( J H ) .  Xletropolitan 
Espressv .n~ Public ('orporation ( M E P C ) .  T o h y o  
In~r i tu te  ofTechnolog>.  Nippon Steel Corporation. 
LtnJ Yohogau a Bridgc Corporation. In South Ko-  
sea. the team met ~i it11 reprewntati \~es o f t h e  Korea 
High\+ a! ('orporation ( K H C ) .  In Taiwan, the team 
met \\.it11 reprcit.ntati\~es 01' the Taiu,an Area 
National Frcc\ta! Hure~iu and the Taiwan Area 
Natiolial E x p r e i i ~ i a ?  Engineering Bureau of' the 
hfini\tr! ot' Tran\portation and C o n i m ~ ~ n i c a t i o n .  
In all three countric,. \ite \ isiti \+ere made l o  n i ~ ~ j o r  
bridge\. 

O n  the basi\ of the obser\at ion\ made during 
the \cunning ~.c\ . ie\ \ , .  the team cie\elopccl a I i \ t  of 
30 topic\ f'or ~x ' \ \ i b l c  iippliciition in thc L1nited 
States. 7'hc l i \ t  then di\,idi.d into 6 high-prior- 
it! topic\. 7 ine~Iii11i1-priorit~. topic\. and 17 other 
topic4 1'01.  c o n i i d c r a t i o ~ ~  at a later date. 
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High-Priority Topics 

The following topics were identified as high-priority: 

Dimple pipe for exterior of stay cables. 
Nonsegregating flowable concretes. 
A computerized assembly and test system (CATS) for 
steel components. 
Nonmetallic removable back-up bars for one-sided 
welding. 
Dry air injection system for corrosion protection of 
cables. 
Special paint primer. 

Medium-Priority Topics 

The following seven topics were identified as medium 
priority: 

Balanced cantilever construction with alternate seg- 
ments offset by 112-segment length. 
Full cantilever erection for end spans of balanced canti- 
lever bridges. 
Nonseparating (desegregating) tremie concretes. 
I %wire prestressing strands. 
Wrapping wire with interlocking cross section. 
Flame or thermal spray metallizing. 
Translation of relevant sections of the HSBA specifica- 
tions into English. 

Other Topics 

The following 17 topics were identified for consider- 
ation at a later date: 

Research on punching shear failure. 
Bolted connections for earthquake resistance. 
Mechanical damping devices to control vibrations of 
steel towers. 
Forced vibration tests on completed bridges. 
Special railway expansion joints for flexible long-span 
bridges. 
Pneumatic caissons with remote control equipment for 
underwater construction. 
Slurry-wall construction for tower foundations. 
High-strength silicon steel wire. 
Steels containing a higher percentage of nickel. 
Vibration damping steel plates. 
Thermo-mechanical control processing or similar tech- 
nology. 
Truss elements that taper to I-sections at the end con- 
nections. 
HSBA paint system. 

Asphalt overlays for orthotropic steel decks. 
Built-in access and utilities Sor bridge inspection and 
maintenance. 
A repair robot for use in inaccessible areas. 
Public relations programs for major projects. 

The team recognizes that some of the technologies en- 
compassed by the topics listed above are already used to a 
limited extent in the IJnited States. The observation of their 
use in other countries supports thc viability of the tech- 
nology. 

INTRODUCTION 

Purpose 

The  purpose of the scanning tour was to conduct a 
broad overview of bridgc design, materials technology. 
construction procedures and maintenance practices in 
Asia. The  focus of  the t ea l~ l ' s  rcipiew was to identify 
technological developments in Asia that have the poten- 
tial for application in the United S ta te j .  In addition. the 
team shared information with their international coun- 
terparts on U.S practices in highway bridge construction. 
maintenance. and management to promote international 
exchange and cooperation. 

The team's review concentrated on the following gen- 
era1 topics of interest: 

Design standards, codes, and specifications. 
Design and construction practices. 
Materials, fabrication and joining techniques. 
Bridge protection strategies. 
Inspection and rehabilitation practices. 
Programming and management practices. 
Innovations. 

A separate section of this digest is devoted to each of 
the above topics. Recommendations on practices and tech- 
nologies that are unknown or rarely used in the United States 
are included at the end of each major section. The recom- 
mended practices and technologies are listed along with rec- 
ommendations for their implemcntation. 

Prior to  the trip. a list of amplifying questions on the 
above topics was developed by the team and submitted 
to the organizations that were visited. The list of ques-  
tions served to define the interests of thc scanning tour 
and provided a basii; for discussion at the formal meet- 
ings. The  list of questions is included in Appendix A. In 
addition t o  the discussions held during the tour, the team 
was provided with numerous documents  and references 
to  other  documents  for further information. A list of 
documents  reviewed for the preparation of this report is 
given in Appendix B.  The itinerary for the scanning tour 
is contained in Appendix C. 



Sponsoring Organizations Metric Equivalents 

The technology scanning review of Asian bridges was 
conducted under the auspices of FHWA's Office of Interna- 
tional Programs and NCHRP in cooperation with AASHTO. 
The American Road and Transportation Builders' Associa- 
tion (ARTBA). the National Steel Bridge Alliance (NSBA)  
and the Portland Cement Association (PCA) provided input 
in the initial planning stages. 

The primary units used in this report are based on the 
International System of Units (SI) .  However, since Japan. 
South Korea, and Taiwan still use the kilogram force sys- 
tem, some of the reported information has been retained in 
the original units to provide consistency with the original 
documentation. 

Organizations and Site Visits 
Team Members 

The team members. along with the agencies that they 
represented. are listed below 

Name 
Charles L. Chambers 
(Co-Chair) 
James Siebels 
(Co-Chair) 
Ralph E. Anderson 
John Formosa 
John M.  Hooks 
John M. Kulicki 

Jerry L. Potter 
Henry G. Russell 
(Report Facilitator) 
James E. Sothen 

Rrpreseilritg 
FHWA 

AASHTO 

AASHTO 
FHWA 
FHWA 
NCHRPI 
ARTBA 
AASHTO 
NCHRP 

AASHTO 

Willlam J .  W r ~ g h t  FHWA 
George Y. Yamarnoto AASHTO 
(Japan Only) 

0rga11i:ntiotl 
FHWA, Washington. DC 

Colorado DOT 

Illinois DOT 
FHWA. Albany. NY 
FHWA. Washington. D C  
Modjeski and Masters. 

Inc. 
Florida DOT 
Henry G .  Russell. Inc. 

West Virginia Division 
of Highways 

FHWA. McLean, VA 
California DOT 

Appendix D provides biographical information on the team 
members. 

This section contains background information on the 
organizations visited and a summary of each site visit. Fur- 
ther details of relevant observations and information learned 
during team meetings and specific recommendations are 
given in s u b s e q ~ ~ e n t  sections. 

In Japan. the team met with representatives of HSBA, 
PWRI. JH ,  MEPC, Tokyo Institute of Technology, Nippon 
Steel Corporation. and Yokogawa Bridge Corporation. Spe- 
cific site visits were made to the Akashi-Kaikyo Bridge, 
Kurushima Bridges, and Tatara Bridge. The team also ob- 
served and heard a description of the Seto-Ohashi Bridges. 
Visits were made to the Nippon Steel Corporation (Kimitsu 
Works) and Yokogawa Bridge Corporation (Chiba Plant). 

Japan has at least four organizations responsible for the 
national highway system. JH is responsible for the system 
that is not ~ ~ n d e r  the jurisdiction of other authorities. Some 
of the major bridges of JH are listed in Table 1. These 
bridges were not visited by the team. MEPC is responsible 
for 248 km ( 153 mi) of expressway in the Tokyo metropoli- 
tan area. The Hanshin Expressway Corporation is respon- 

TABLE 1 Major bridges of the Japan Highway Public Corporation 
Length Maximurn Span 

Bridge Name Bridge Type m ft m ft Year Built 

Beppu Myoban Concrete Arch 41 1 1,348 235 77 1 1989 
Kanrnon Suspension 1.068 3.504 712 2,336 1973 
Meikou 3 Cable-Stayed 1.170 3.839 590 1.936 1998 
Odawara Blue Way Extradosed Prestressed Concrete 270 886 120 394 1994 
Tomie Asigara Concrete Cable-Stayed 785 2.575 I85 607 1991 
Okaya Viaduct Continuous Prestressed 

Concrete Rigid Frame 1.389 4,885 148 486 1986 
Katashina River Steel Truss 1 .034 3.392 169 553  1985 
Ueda Roman Solid Spandrel 715 2.336 54  177 1995 

and Open Arch 3 7 17 1 
Horonai River Steel Plate Girder - 

Prestressed Concrete Slab 107 35 1 53 173 1996 



TABLE 2 Major bridges of HSBA 

Route Bridge Type Spans' I m 

Kobe-Naruto A k a ~ h i - K a i k ~ o " . ~ ~  Suspension 960. 1.990, 960 
Ohnaruto Supcns ion  330. 876. 330 

Kojima-Sakaide Shirnots~~i-Seto Suspension 230. 940. 230 
Hits~~ishi j ima C a b l e - S t a y l  185. 420. 185 
Iwakuro,jin~a Cable -S ta~cd  185. 420, 185 
Kita Bisarl-Seto Suspen\ion 274. 990. 271 
htinaniii-Bisan-Seto Susjxnsion 271. 1.100. 274 

Onomichi-Imabari Shin Ononiichi Cable-Stayed 8.5. 1 15. 85 
Onomichi Cable-Stayxi 85. 215. 85 
Innoshima S u j p c n i o n  156. 770. 250 
Ikuchi Cable-Stab cd 150. I90 .  1 50  
l 'ataraf2.4 I C'uhlc-Sta! cd 270. 890. 320 
Ohmishinla Arch 297 
Hakata-Ohshinl;~ Suspension 140. 560, I40 
K~~rush in la  Suspension 190. 600. I70 
Kurushini;~ 2 Suapencion 250. I ,020. 245 
Kurushinu 3 Suspension 300. I .OX). 280 

sible for the expressway system in the Osaka and Kobe met- 
ropolitan area. HSBA is responsible for bridges between 
the islands of Honshu and Shikoku. 

HSBA was founded in 1970 to oversee the construction 
and operation of the toll highways and railways that link the 
islands of Honshu and Shikoku across thc Seto Inland SC;I. 
The three links are known as the Kobe-Naruto Ro~lre. 
Ko.jinia-Sakaide Route and Onomichi-Irnabnri K o ~ ~ t e .  The 
route names are based o n  the cities at the end of each link in 
Honshu and Shikoku. A listing of'the major bridgils o n  the 
three routes is given in Table 2. In addition, thcrc. are 1111- 
nierous approach structures and access ramps. 

The Kobe-Naruto Route is the most eastern crossing 
and is partly complete. The route features u \ix-l;uic high- 
way. The crossing includes t u o  suspension bridges-the 
Akashi-Kaikyo Bridge and the Ohnaruto Bridge. The 
Akashi-Kaikyo Bridge was alrnost complete at thc time 01' 
the team's visit. The Ohnaruto Bridge was open to trafl'ic. 

The Kojima-Sakuidc Route is the central crossing and 
v, as completed in 1988. The crossing includes a suspension 
bridge (Shiniots~~i-Seto Bridge). two cable-stayiltl hriclgcs 
(Hitsuishijima and Iwakurojima Bridges shown in I-,'igurc I 1. 

and tv,o suspe~ision bridges (Kita Bisan-Seto and hlinanii 
Bisan-Seto Bridges shown in Figure 2 ) .  The upper ilech 01' 
thesc bridges is ~ i scd  for a I'our-lane highwa> and thc l o ~ e r  
deck for a double-track railway. The bridges on the Ko,jima- 
Sukaide Route arc kr1oa.n as the Seto-Ohashi Bridges. 

The Ononiichi-lmabari Route is the most u estcrn cross- 
ing and is partly complete. The route features :I I'our-lane 

highwa?. From north to south. it  includes two parallel cable- 
s ta led bridges (Onomichi and Shin Onomichi Bridges). a 
suspension bridge (Innwhima Bridge), a cable-stayed bridge 
tlkuchi Bridge). a cnblc-staled bridge (Tatara Bridge). an 
arch bridge iOhtnishinia Bridge). a suspension bridge 
t Hakata-Oh\hima Bridge). and three continuous suspenhion 
bridges (Kurushima Bridges). The route is scheduled for 
completion in 1909. 

The Akashi-Kaihbo Bridge. 5hou.n in Figure 3. is a 
.\.O 10-m ( 12.828-ft ) - long.  three-cpan suspension bridge 
\ i i th  span length\ of 960.  1.990. and 9 6 0  ni (3.150.  



6.529. and 3,150 ft).  The steel towers have a height of 
283 m ( 9 2 8  St) above the top of their foundations. The  
superstructure consists of a double-deck two-hinged steel 
stiffening truss. Six lanes of highway traffic arc carried 
on an orthotropic steel deck on the upper level. The 
lower level carries utilities. an access road, and inspec- 
tion galleries. Total width of the bridge is 35.5 m ( 1  16 
f t ) .  Thc bridge tower foundations were constructed in a 
water depth of  about  6 0  tn (197  f t ) .  The maximum water 
depth beneath the bridge is about 110 rn ( 3 6 0  f t )  and the 
maximum current speed is 4 . 5  m/s ( 1 5  ftls).  The Akashi- 
Kaikyo bridge opened to traffic in April, 1998, and is the 
u o r l d ' s  longest suspension bridge. 

Thc uniqueness of the structure resulted in the use of 
s e ~ e r a l  innovative design and construction features. These 
features include the following: 

Design life of I00 years. 
Design wind speeds of 6 0  m/s ( 134 mph) for the stiffen- 
ing girder and 67 m/s (150 mph) for the toucrs. 
A lower factor of safcty for the design tensile stress of 
the main cables because dead load forces dominate the 
design more than in a conventional bridge. 
Wind tunnel testing of a 1: 100 scale model with a Icngth 
of 4 0  m ( 1  3 1 fl) verified that the bridge could u.ithstand 
wind speeds of 80 ni/s ( 179 nlph). 
Design for an earthquake magnitude of 8.5 on the Rich- 
ter scale. 
Double-walled stcel caissons for the outer liner of the 
pier foundations. 
Special nonseparating or desegregating concrete ~vi th a 
water-soluble high molecular compound and high-range 
water-reducer for the underwater concrete. 
Self-levelling highly flowable nonsegregating concrete. 
Roller-compacted concrete for the cable anchorage 
foundations. 
Slits in the anchor blocks to help dissipate the heat of 
hydration. 
Riprap around the tower foundations to protect from 
scour. 
High-strength poly-aramid fiber rope as the pilot rope. 
Two main cables, each consisting of 290 strands of 127 
5.23-mni (0 .2  1 -in.) diameter wires for a cable diameter 
of 1.122 m (44 in.). 
High tensile strength steel with a tensile strength of 180 
kgf/nim2 (256 ksi) in the cables. 
Noncircular cable cross section at tower saddles. 
Collision protection sys ten~  for both piers and ships. 
Vibration tests of steel towers. 
Erection of the superstructure beginning at the piers and 
anchor blocks. 
Orthotropic steel deck with asphalt overlay. 
Open grating in the center and edges of the deck, as 
shown in Figure 4, and vertical stabilizers at the center 
for wind vibration control. 
Truss elements that taper to I-sections at end connec- 
tions. 
Special expansion joints to accommodate large move- 
ments. 
Fluoro-polymer and polyurethane paint systems for pro- 
tection ol'the steel. 
Special exterior wall surface finishes to minimize radar 
interference. 
Selection of paint color to harmonize with the local en- 
vironment. 
Built-in travellers and lifts for bridge inspection and 
maintenance. 
Use o f  dry air system to reduce huniidity inside the 
cables. 
Air conditioning of the anchor block houses to reduce 
humidity. 



The Kurushima Bridges consist of three continuous sus- 
pension bridges with lengths of 960, 1.5 15, and 1.570 m 
(3.150. 3.970, and 5.15 I ft). The main spans arc 600. 1.020. 
and 1.030 m (1.969. 3.346, and 3.379 St) long. The tallest 
towers have a height of I84 m (604 ft) above the top of their 
t'oundations. As shown in Figure 5. all three bridges were 
under construction during the visit. The target completion 
date is 1999. Kurushima 1 ,  which was visited by the team, 
is shown in Figure 6 .  These bridges contain the following 
features: 

Basic wind speed of 4 0  m/sec (89 ft/sec) at I 0  m (33  ft) 
height and a design wind speed of 5 1 m/s ( 1 14 mph) for 
Kurushima I and 53 m/s (1 19 mph) for Kurushima 2 
and 3. 
Design for earthquake magnitude of 8.5 on the Richter 
scale. 
Poly-aramid fiber rope as  the pilot rope. 
Main cables composed of strands made from 127 galva- 
nized steel wires approximately 5 mm (0.20 in.) in di- 
ameter with a tensile strength o f  180 kpflmm2 (256 ksi). 
The number of strands per cable are 44 for Kurushima 1 
and 102 for Kurushima 2 and 3. 
Erection sequence starting at midspan using hoists 
mounted on the main cables. 
Self-positioning barge for transportation and position- 
ing of deck sections below the bridge. 
Interlocking wire-wrapping system around the main 
cables. 
Stiffening girders consisting o f a  box girder section with 
orthotropic deck. 
Asphalt wearing surface. 
Fluoro-polymer and polyurethane paint systems. 
Use of dry air system to reduce humidity inside the 
cables. 

The T m r a  Br~dge .  shown tn F ~ g u r e  7. 1s a cable-stayed 
b r ~ d g e  w ~ t h  cpan lengths of 270, 890, and 320 rn (886, 2,920, 

and 1,040 St). Total width o f  the s~~perstructure is 30.6 ni 
I 100 ft). The towers habe a height of 320 rn (732 f t )  above 
their foundations. The bridge b a s  originally designed as a 
suspension bridge but was later changed to  a cable-stayed 
structure to avoid excessive earthworks that would ha \e  been 
required for an abutment. When completed. Tittara will be 
the world's lorigest cable-stayed bridge. Features of' the 
bridge include the follouing: 

Inverted Y-shaped steel towcrs with a slit in the upper 
two shafts. The basic shape was selected for aesthetic 
reasons. Details of the cross section were based on 
wind tunnel tests. 
Two planes of cables arranged in a fan pattern. 
Prefabricated stay cables anchored in the pylon. Each 
cable consists of galvanired steel wires and is coated 
with polyethylene in the prefabrication shop. 
Use of dimpled surface on the cable coating to reduce 
wind-induced oscillations. 
IJse of steel girder with orthotropic steel deck for the 
superstructure of the main spans and prestressed con- 



crete for the side spans between the intermediate and 
end piers. Concrete was used to balance the ~veight 01' 
the structure because the length of the main span cre- 
ates a dead load imbalance. 
Use of floating crane to erect deck segments. 

Nippon Steel Corporation is Japan's largest protiucer of 
crude steel and in I996 had a total crude >tee1 production of 
25.3 million nietric tons (27.8 million short tons). The cor- 
poration has eight blast furnaces. Three of the furnaces are 
located at the Kimitsu Works. u,hich &,as visited by the te;lrn. 
The Kimitsu Works is situated near Tokyo on a site with a 
total urea of  10 million 14 (3 .9  m?). Annual C S L I ~ C  stetXl 
production in 1996 was 8 .2  million metric tons (9.0 million 
short tons). The plant employs approximately 4. I00 people. 
It was reported that 2 to 3 percent of their total budget is 
alloc:~ted for research on new applications. Some of the 
research involved projects that ~vould benefit p ~ ~ b l i c  bridge 
ouners .  The team visited the Steel Structures Dewlopment 
Center of the Research and Engineering Center. Blast Fur- 
nace No.  1. ~vhich has the capability of producing 1 l .OOO 
tons per day, and associated steel production facilities. 

In general. the site visit to the Nippon Stecl 
Corporation's Kimitsu Works rcveuled similar tcchnolog!~ 
to mqior steel mills in the United States. The steel making 
operation began with a blast furnace to produce pig iron. a 
b, ,\SIC . '  oxygen furnace to melt the steel. and u continuous 
caster to produce solid slabs. The rolling mill was also 
similar to U.S. practice. except for the addition of thermo- 
mechanical control processing (TMCP)  equipment. The 
Kimitsu Works can produce steel plates with thicknesses 
from 4.5 to 200 mni (0 .2  to 7.9 in.). widths from 0.9 to 3 .5  m 

(3.0 to 14.8 ft),  and lengths from 3 to 25 m (9 .8  to 82.0 St ) .  
It is larger than the plate-producing mills in the United 
State\. 

The following items were noted during the visit: 

Research on the use of bolted beam-column connec- 
tions for rectangular column members to improve their 
earthquake resistance. Full-scale t a t s  of connection\ 

under real-time dynamic displacements were being con- 
ducted. 
Research on the use of c i r c ~ ~ l a r  external rings to limit 
buckling of tubular colurnns. Tests under static and 
pseudo-dynamic loads were being conducted on re- 
duced-scale members to identify retrofit methods. 
Research on concrete-filled steel tubes to limit damage 
caused by earthquake loading. 
Vacuum degassing for all steels ~ ~ s e d  in bridge con- 
struction. 
Thermo-mechanical control processing. 
Continuous casting of steel. 

The Yokogowa Bridgc Corporation is one of Japan's 
leading fabricators and crectors of steel structures for 
bridges. franies. and towers. Thc cornpan) was established 
in 1907 and has plants in Osaka and Chiba. The Chiba Plant 
u a s  established in I969 and occupies a land area of 
132.116 n; (32.7 acres). Production capacity is 1.000-5.000 
metric tonslmonth (3.400 to 5.5 10 short tonsl~nonth). Com- 
ponents weighing as much as 200 metric tons (220 short 
tons) can be handled. I t  was indicated that the plant is a 
typical Japanese plant. It is qualified to construct major 
bridges in Japan and has the AISC Level Ill certification for 
major bridges in the United States. The plant has fabricated 
components tbr several bridges owned by HSBA and for 
bridges in the United States. Thc company also performs a 
large amount 01' w ) r k  I'or steel buildings. 

In general. the I'abrication practices at the Chiba Plant 
were not significantly different from many operations in the 
LJnited States. Submerged arc uelding ( S A W )  appeared to 
be the dominant practice as is common in the United States. 
Thc hame was true ol' Inan). of the ba\ic cutting and fit-up 
operations. 

The f'ollouing items liere noted during the \.isit: 

Implementation of CADDICAM technologq. 
Great emphasis on quality control of layout and toler- 
;IIlces. 
Use of high heat input uelding. 
Thrcc-M irc uelcling for bridges. 
Electro xli~glelectro g a  welding. 
Nonnictallic rcmo\able back-up bars for one-sided 
welding. 
C'ompuleri/.ed assembling test system. 

In South Korea. the team met primarily with reprcsenta- 
t i \es  ol'the Korea Highway Corporation ( K H C ) .  Represen- 
tatiws ol'the Korea Infrastr~~ct~ire  Safety 13 Technology Cor- 
poration and Daiwoo Engineering Company \\ere present 
during some of the mcctings or \ite visits. Visits uere  made 
to the Sco-Hae Grand Bridge. the Kinip'o Grand Bridge. the 
Y o ~ ~ n g i o n g  Bridge. and the POSCO Center in Seoul. 



In South Korea, the Ministry of Construct~on ; i d  Trans- 
portation ( M O C T )  is responsible for acl~ninistration. pl~ui- 
ning. design. construction. and rnaintenmcc ol' all p ~ ~ b l i c  
road\. MOCT has the authorit! LO de\elop the master pla11 
for h i g h n , a y ~  and to designate and rnanitgc national high- 
\+ a! s. except for the portions located u ithin the jurisdiction 
of niunicipaIitie\ which are managed b! rhc riiunicipallt~c\. 
The Bureau of Public Roads (BPK)  of XlOC'T is tlic go\ ern- 
nient a g e n q  rcspon\ihle for po l ic~e \  rel;itcil to puhlic road\. 
,411 plans prepxed b) various agtncies are re\ icu cil h! the 
RPR. .At the end of' 1906. the total Icngtli of ~.oacl\ i n  South 
Korea n,a\  82.342 km ( 5  1.165 mi I oi \+hich 10.754 hnl 
(6.390 mi) ha \e  four lanes. 

KHC i \  it go\ crnlncnt-Sin;i~~c~cci orga~ii/ation 1 ormcd i n  
1969. I t  ha.; rc\pon\ihility for t\\tnt! nar~onal c\prc\\\\;i!s 
~v i th  a length of 1.530 km ( 1.147 nii ) .  KHC plxn\ to coli- 
\rruct a grid-shaped capres\\\a! \!\ten1 in South Korc~i .  
Thi\ % i l l  douhle the present ~yxtcn i  to 3.500 hm i 2.175 mi,  
h!. the year 2004. Longer-range plan\ call I'or 0.000 hni 
(3.728 mi)  by the \ea r  2070. C ' I I ~ ~ C I I ~ ~ ! .  KIIC ha\ i~ \ tc l l ' l '  of' 
approainiatcly 5.000. 

The Seo-lInc Grand Britlgc. currentl!. uniicr ~ o ~ i > [ r l ~ c -  
tion. is part of'the Seo-Hue Coa\t,il H i s h \ \ a  th,rt \ \ i l l  con- 
ncct the highl! dc\ eloped areas of Seoul u ith [he \\ t \ t  ccl;i\[. 
l 'he bridge N i l l  cro\s the H a - ( ; a n 9  Ki\.cr. 'I'hc o\  trall 
length of thc  hridgc \ \ i l l  he 7.3 1 hm i4.51 ~ i i i ) .  \ \ h ~ c h  \i i l l  be 
the longe\t bridge in South Koreii. 'l'lic Iv~ilge \ \ 1 1 1  cc)~i\i\t 
01' the I'ollo\v~ng threc t!pes ol' cons t r~~c t ion :  

X cable-stabed brldgc u ith a length o f 9 9 0  nl (3.218 I t  1 .  

Preca\t concrete. cori\tant depth. ~ i ' g m c n t ; ~ ~  bridge\ ith 
a le~lgth 01' 5.820 In ( 19.095 1'1 I .  

Ca5t- in-plxc concrete. \ ariahlc depth. h ( \ \  g~ri lcr  
bridges \\ ~ t h  a length ot' 500 m 1 I .t740 t't 1. 

The cable-\rayed hridge. s I i o \ s ~ ~ ~  in Figure 8. LJ i l l  h'i\e 
span lcngths 01'00. 200. 470. 200, and 60 ni ( 107. 650. I ,547. 

056. and I97 ft 1 .  The main \pan of 470 ni ( 1.547 f t )  u i l l  be 
the longest clear span in South Korea. The height of the two 
H-\hapcrl p> Ion\ \ \ i l l  he 187 111 i 507 ft) abo\,e the founda- 
tions. The \tee1 scgnii'nts for the \tiperstructure will be de- 
li\ercci h! hargc and lifted iiith a derrick crane. Precast 
concrctc teams \ \ i l l  then be ins ta l id  on the \reel segments 
.ind concrete pldcecl to I'orni a composite member. The 
i;ihlcs 1 1 1  be arranged iri trio planes ui th  72 cable\ per 
plant.  The cable\ i\ i l l  contain 1 5.2-mm (O.(,-in.)-di:imeter 
p~ir~ilicl \tee1 \tr;i~iil\. T h t  n~i~ i ibcr  o1' \trand> per cable  ill 
\ ;ir! 1'1-0111 37 to 9 I .  T h t  \tranii\ u i l l  be coated \\ i t l i  grcx\c 
o r  \r ax o n  the inside ot' the anchorage. Cell-type cofftrilams 
(ire hting used I'or conhtructic~n 01' the pylon foundations. 
I'hi\ i \  tlic t '~r\t  applicatioli o t  i t \  kind in  South Korea. 

. . 1 hc prtc;i\t \tgmcntaI h r ~ J g c \  \I i l l  con\ist of t~ in con- 
t ~ n u o u \  \inglc cell ho\c\ \\it11 \pa11 It'[igth\ 01'60 m ( I97 t't ) .  

I:acll \cs lntnt  \ \ i l l  Iia\,c :I n1clt11 01' 15.5 ni (50 .8  1.1,. tor- 

\tant citptli ol' 3 .5 m i 1 1.5 t ' ~ ) .  ;tmi a length of 3 ni (9.8 f t )  tor 
; I  total \\eight 01'70 to 80 metric tons ( 7 7  to 88 short ton\) .  
The \cgnlcrits 11 i l l  he erected u\ing the span-b!.-span rriethod 
\ \  1t1i ;I \ t tcl ILiu~iching t ru\ \ ,  

l 'he c~ist-in-17l;ic.e. \ xiablc. depth. box g ~ r d e r  \ \ i l l  h a \  e 
\ p i n  li.ilg~Ii\ 01'85. 16.i. 16i .  ;md 85 n1 1279. 541. 511. and 
279 tt 1 .  Segment depth \i i l l  \iir! from 3 .5  to 9 .0  n1 i 1 1 ..5 to 
79.5 t ' t ) .  The \cgnient. will be crected il\ing the balanced 
i.aritile\ cr rntthod. The conipletctl structure \ \ i l l  include 
 no\ able I x i l i t ~ c s  for in\pcction and maintenance. 

The Kimp'o Ciritncl Hriilgc. shoa,n in Figure 0. nil1 carr! 
thc S t o ~ 1 1  l l c t r ~ p ~ l i t ; ~ n  w t e r   ring r d  across the Han-Gang 
I < i \  cr. .Phc hridge has total lcngth of 3 .5 hni ( 2 .  18 mi J \\ ith 
2.28 hni ( 1.12 mi I on tic\ atcd structure. The ele\ atcd portion 
~ l l ~ . l u ~ l t \  thc follo\iing t>pc\  ol'conitruction: 

('ast-in-place concrete. constant depth. boa girder\ con- 
\ ~ S L I C I C L I  ~ i \ i ~ i g  ;I nio\ h l c  i'orm\iorh s! stem with a total 
length of'950 rn (3.1 I6 1 1 1 .  



Cast-in-place concrete. ~ a r i a b l e  depth box girder con- 
structed by the balanced cantile\er method \\ it11 a total 
length ol' 930 m (3.05 I 1'1 1. 

Precast concrete. constant depth. h o  girders with a to- 
tal length of 1 0 0  m ( 1 .3 12 f t ) .  

A unique feature of tlie Kirnp'o Grand Bridge is the 
length of 930 m (3.051 f t )  betueen expansion joints at the 
end of the w-iable  depth box girder section. Figure 10 
sho~vs  a photograph of the expansion joint during installa- 
tion. Modular joints are uwcl v-ith center line splicing of 
transverse beams. Deck protection is pro\.icied b! liquid 
membrane and asphalt o ~ e r l a y .  Sample\ ol' \trancl couplers 
and anchorages were on displa) at the bridge site. 

The Youngjong Bridge i \  part 01' the Inchon Intern~l- 
tional Airport Express\vay that will connect the ne\4 airport 
to other major h ig l iwap  around Seoul and to the center 01' 
Seoul. The exprcssu a!, is schedulcci for completion in 7000. 
Tra\ el time from the airport to clo\vntown Seoul i \  expected 
to be about 1 5  niin. At the time of tlie team \.isit. I'ounda- 
tions for the bridge p i e r  were under constn~ction. 

The Youngjong Bridge \ l . i l l  ha\.c a total length of 
1 . 1 2  krn (2.75 mi). The main s t r u c t ~ ~ r e ,  depicted in Figure 
I I .  \ \ i l l  be a suspension bridge \\ ith \pan lengths of 125. 
300 and 115 m (1 10. 983 and 1 10 ft ) .  The two toners u i l l  
be iliaped like a diamond and will ha \e  a height of 107 In 
(35 I f t) .  '4s a result of the sloping tower legs. tlie t\\ o main 
cables will have the shape of a traditional Korean rooi'linc. 
The cables will be self-anchored to the stil'fening truss. 
Cable protection u,ill consist of /inc coating o n  the indi- 
vidual wires. a g a l \ m i ~ e d  wrapping wire. and paint. The 
bridge is designed for tides of 10 m (30  ft).  ;I current of 2.5 

(5 .6  niph). and a wind speed of 30 mls (89 mph).  Thc 
superstructure will carr) road traffic on the upper dech ancl 
rail traffic on the lower deck. I t  is reported to he the first 
bridge in the world to carry a 10-lane espressua!, and 
double-track railroad. 

The \,isit to tlie POSCO Center pro\,idecl the team \\ ith 

the opportunit! to re\,iew d isp lay  about steel production 
iind steel protluc(s. 

In Tainan.  tlie team met primarily with representati\es 
of' the Taiwan Area National Frec~vay Bureau and the Tai- 
wan Area National Exprcss\ta!, Engineering Bureau of the 
Ministry of Transportation and Communications ( M O T C ) .  
Other cwgani~ations represented during team meetings in- 
cli~cled tlic Ofl'ice ol' Science & Technolog), Advisers of 
MOTC. Department of' RaiI\+ays & Highways of MOTC. 
China Engineering Consultants. Inc.. T.  Y. Lin International. 
D p i d a g  S!,stems International. Kung5ing Construction 
Corporation. National Tai\v;m Uni\.eriit!,. and National Tai- 
wan Llniversity of Science and Technologq . Site \ isits mere 
made to tlic K;~olisii~ng-Pingtung (Kao-Ping) River Bridge 
~ ~ n d  nilmerous other bridges in the Kaohsiung area of the 
Second Freeunq Extension Project. In Taipei. a detailed 
ile\cription 01' the Hlicliih-N'uku uidening project was 
pso\ icled. 



runnel\ .  \ i \ i t \  h! the [cam \ \ere  made to the Kao-Ping 
l i i i c r  Bridge o n  the main route anti numerous bridge\ o n  the 
K a o h \ i ~ ~ n g  Belt\\$ and the Cliichan Branch. 

The  main \tructure < I I ~  the Kao-Ping Ri\ e r  Bridgt.. de-  
picted in Figure 12. \ \ . i l l  he a single p!lon cable-staqcd 
Iwi~igc it11 span length\ of 3 3 0  and 180 111 r l .OX3 and 
i 9 l  1'1). The ln\ertt.d Y-\haped concrete p! Ion \ \ i l l  h a \ e  a 
total height of 180 m i s 9 1  i'ti. Fountlation\ for the p!Ion 
\ \ere  con\tructed u\ing a \Iurr! \ \a l l .  The  \uper\tnlcture for 
the main \pan \+ i l l  he constr~rcteil  M ith \tructural steel. The  
\ ide \pan n l l l  he built with prestre\seci concrete. The  $true- 
tural steel wgment s  \4 i l l  hc assembled u\ing all-\\elcled con-  
\truction on jite at a11 area ~idjacent  to the p>,lon. The seg- 
nlcnts \\ i l l  he erected b> lifting from the \uperstructure.  The  
concrctc s c ~ m c ' n t \  \ \ i l l  be cab[-in-place o n  a Eal\e\vorh \!\- 



ten1 and will be constructed before the main span segments 
are erected. At the time of the visit. about two-thirds of the 
inclined legs of the pylon had been constructed. as shown in 
F i g ~ ~ r e  13. 

The stay cables will consist of a 15.2-mm (0.6-in.)- 
diameter se\ en-\vise strand system produced by Vorspann 
Technik of A~lstria.  In this system. the indi\zidual strands 
are coated with grease inside a polypropylene tube. The 
whole cable is enclosed inside a polyprop)lene tube that is 
filled ui th  b a s .  Wedge anchors are used at the ends of the 
strands. When completed. the Kao-Ping River Bridge will 
be tlie longest span bridge in Taiwan. 

Other bridges on the second freeivay extension project 
are heing constructed using the follou ing systems: 

Constant depth. precast concrete segmental box girders 
erected I?!. the halanceti cantilc\~er mcrhod \i ith an cscc- 
!1o11 t ~ u s  or cranes. 
Constant depth. cast-in-place concrete box gir~iers L W -  

structed span b!, span using an a d ~ a n c i n g  shoring hjs- 
te111. 
Conitant depth. concrete box girders i~sing the incre- 
mental I~~uncliing method. Launching is accomplihhed 
bq pulling the rear end of the bridge t o u a s i l  the abut- 
ment i15ing strands. 
Variable depth, cast-in-place concrete segmental box 
girder\ erectccl b) tlie balanced cantile\er methocl ;uicl 
trawlling 1'orniu.ork. 
Post-tensioned I-shaped concrete girders. 
A comhinntion of precast concrete slab\ and ca\t-in- 
place construction as illustrutccl in Figure I I. 

For the balanced cantilc\.es method n i t h  tra\,elling 
t'ormu~ork. the cantile\.ers \\ ere con~tructeil  \\ it11 a one-hall 
length 01' wgrnent out of balmce to ~.eclucc rhc o\,crturning 
moment. End spans lvere also being constructed usiny I'ornl 
tra\ ellers and falseu ork toners .  

The Su11-Yat-Sen Frce\vay is a 373-I.;m (232-mi)  stretch 
of high\\a) in northesn Taiwan opened in 1978. Since that 
time. traffic on the freeway has grown at an annual rate of 
10 pcrcent. Additional lanes have been added using the 
ccnter median and the shoulders to increase the capacity. 
Houc\ ,er .  t'urther widening at grade le\,el became impracti- 
cal. Conscquently. i t  \ \as decided to widen the freeway by 
adding ele\ ated structures on e x h  side of the existing free- 
\\+ o \ e r  a length of 7 1 kni ( I3 mi).  This project is known 
as the Hhichih-WLI~LI widening project. For 13.5 km 
( 8 . 1  mi).  t u o  lanes uese added on each side and for 7.5 km 
( 1 . 7  mi)  three Iiuncs \\ere added. The widening provided a 
m a n \  to separate long distance traffic from local traffic 
with long-distance traffic ilsing the neb, construction. as 
\houri i l l  F i g ~ ~ r e  IS. The o\.erall cost of the project includ- 
ing I;ml acquisition and compensation was reported to be 
NTS3 1.2 hillion ( S  1 .  I billion 17,s. in September 1997). 

Sc\,eral dil't'erent construction method5 were used for 
the l'ounclations of the 954 piers. These included re\,erse 
c i rc~~la t ion  drilled piles. full casing drilled piles. caisson 
foilndationx. precast piles. and s h a l l o ~ ,  footings. The 30.3- 
hni (25 .  I -mi )  lengrh of cle\.atcil s t r ~ ~ c t u r e  used many differ- 



ent structural types. Approximately one-third of the super- 
jtructure was built using pre5tressed concrete I-glrderh and 
about one-quarter used steel box girder+. Other types in- 
cluded cast-in-place, segmental box girdcrs built by the b d -  
anced cantilever method: cast-in-place. double-tee girders: 
precast concrete box girders: precast, prestressed single-tee 
girders: and hollow slabs. 

In Taipei. the team visited the Freenay Traffic Sur\.eil- 
lance and Control Center of the Taiwan Area National Free- 
way Bureau. The control center uses an "on-line real time" 
integrated system and uses automated monitoring of traffic 
conditions with roadside equipment, centralized proces5ing 
and control systems, and information transmission and coin- 

munications equipment. 

SUMMARY OF RECOMMENDED 
TECHNOLOGIES 

On the basis of the observations made during the scan- 
ning review. the team developed a list of 30 topics for pos- 
sible application by public and private agencies in the United 
States. The list was then divided into 6 high-priorit!. 7 
medium-priority topics. and 17 other topics for con<ider- 
ation at a later date. A summary of the topics and reconi- 
mendations for implementation are $\,en in [hi\ section. 
More details of the technologies are given later. 

High-Priority Topics 

Vibrations of stay cables can be n seriouj prohleril un- 
der certain w a t h e r  conditions. On the T a t x a  Bridse i n  
Japan. a black polqethylene pipe n,ith a dinipled outer sur- 
face is ~ l sed  to reduce \,ibrations caused bq \\inii iind riiin. 

l'or the cable anchorage\ of the Aka<hi-Kail\o Bridge. 
HSBA ~ l \ e d  a ielf-healing highl!, tlouable nonwgregating 
concsctc. The concrele mi\ included a low-heat cement. lime- 
\tone po\idcr. supeq~l~ist~ci/t .r .  and 10-mm r 1.6-in.) maxi-  
mum i i /e  coarsc afgrcgdtc 'fhc concrete mas ipecil'ied to 
ha\ c a f l o ~  of 500 Inm ( I20  In. 1. air content o f 4  percentand 
a 9 l -da> colnpsa\ i \  e \trength 01' -30 .\Pa (4.350 pi 1. 

The Yokogawa Bridge Corporation ha4 developed a neu 
computerized .;!stem to +imulate erection of conlplicated 
structures and to eliminate the need for shop assemblq of 
bridges. CATS uses photogranmetn method  with four cam- 
eras to take ? -D pictures of each element. The shape and 
dimensions of the members are obtained b!. linking the data 
from the cameras and other measuring devices. The members 
are then "shop asembled" in simulation on the computer 
screen using softmare de\.eloped for that purpose. Any cor- 
rections that need to be made to the members are identified. 
Actual nieasurenients are compared with the design data to 
 denti if.. production errors. This inno\,ation remo\.es the need 
for shop ascenibl). while ensuring accuracy. In addition. in- 
formation. such as camber and joint widths. for assembling 
the bridge at the construction site is developed. 

HSBX mukc. L I W  of \tee1 bridge decks for all its 1n;~lor 
b r~dge  pro,jccts. The\e arc orthotropic hridgc dccl\\ field 
nclded from one \id? onl!. 11SH,4 uies a temporar!. n o n -  
metallic I ~ i c k - u p  h;~r i~ttacheci l o  the h t t o n i  ot'thc deck plate 
using ; d h e \ i \ e  \trip\ on 1111' h r .  The bar ha\ a conca\e  
\ul-facc 011  ttic. \ i~ Ie  attacl~ed t c ~  the deck to  ill^\\ >onie o w r -  



reinforcenient on the bottom side of the weld. The bar can 
be easily removed for inspection of the n,eld after complc- 
tion. The back-up bar used in Japan appeared to differ from 
the ceramic bars available in the United States. and i t  \bas 
implied that the cost of the Japanese bars was much lower. 
Potentially. the use of a similar back-up bar with adhesive 
strips in the United States can provide cost-effective quality 
improvements in U.S. welding processes. 

The latest HSBA system for corrosion protection of the 
main cables of suspension bridges consists of the injection 
of dry air into the main cable interior. The goal is to keep 
the humidity level inside the cable below 30 percent. In 
addition to the use of this system on new suspension bridges 
that will not have any anti-corrosion paste installed. HSBA 
plans to retrofit suspension bridges that were constructed 
with an internal anti-corrosion paste. These built structures 
are quite similar to suspension bridges in service in the 
United States today. 

In cooperation with major steel producers. PWRI has 
been testing and evaluating a significant improven~ent in cor- 
rosion protection technology. This technology is a new spray- 
on product that was referred to as "suspicioui; primer." The 
spray-on primer product stimulates the formation of the chro- 
mium steels. This product was successfully tested by PWRI 
and sent to all major steel suppliers in Japan to have addi- 
tional independent testing conducted. Over the last year. test 
results have been positive. The product uould be used on all 
bridge steels. regardless of grade and chemical make-up. The 

product is conimcrciallj~ a\,ailable from Sumitonlo Metal 
Industries. Ltd.. as the "\i'cather-Act Method." Succecsful 
usageof this product has the potential to enhance protection 
practices of steel bridges in the United States. 

hledium-Priority Topics 

The technique of constructing balanced cant i le \w cast- 
in-place concrete bridges with alternate segments offset by a 
112-segment length is used in Taiwan to reduce the out-of- 
balance moment at the pier. 

In Taiwan. it was noted that end spans mere constructed 
using form traielers and the cantilewr niethod. A tempo- 
rary pier was provided near midspan to allow the cantile\,er- 
ing to continue to thc abutment. H>,draulic jacks uere  in- 
stalled between the temporary pier and the box girders to 
adjust for any settlements. This technique eliminated the 
need for continuous shoring that is frequently used in the 
Unitcd S t a t e .  

For the underwater concrete toww foundations of the 
Akashi-Kaikyo Bridge. a special nonseparating concrete \+as 
used. The concrete contained a high-range water-reducing 
admixture to achieve flowability and an anti-uashout ad- 



mixture to obtain \.iscosity. An anti-\vushout ailnii\tiirc I, 

a\ailuhle froni at least one supplier in the Lrnitecl St;~te\.  hilt 
is not used extensi\ el),. 

The Japanese ha\,e dc\eloped 19-u ire p~cstre\s ing 
strand ui th di;~~iieters of 17.8. lcl.3. 10.3. and 2 I . X  nim (0.70.  
0 .76.  0.80, and 0.86 i n ) .  The strands conii\t  ol ' t \ io  concen- 
tric layers of' \\ ire M rapped around a center u ire. t :xh con- 
centric l a ~ e r  consi>t\ of nine u ires. The strand I I A  a speci- 
t'ied ~ninimuni  strength slightlg Ies\ than Grade 2 7 0  \tranct. 
The largest str;~ncl has .I minimutri breahinf strength 01'  -3.1 

times the strength of' ;I 12.7-mm (0.5-in I-diameter Ciraclc 270 
strand. The 1 9-\\ ire strand de\.clopccl in Japan has potential 
application for trans\erse post-tensioning 01' bridge decks 
  id prestressing high-strenyth concrete hcanis. 

O n  the Kuri~sl i in~n Bridges. ;I nrappir~g \tire \tith ari 
S-shaped c r w s  section. de\,eloped by Nippon Stecl Corpo- 
ration. will be used to wrap the ~ n a i n  cables. The cross 
scction of the \vise is clesigned so that the t i \  o lcsh of thc S 
interlock. The interlocking provides ii tighter seal ayainst 
moisture penetration compared to \\rapping \i,ith conLen- 
tional m,ire ha\,ing a circular cross section. 

PWRI ha\ been Lvorking \\.it11 an irnpro\cii thermal 
spray system. The new thermal spra). system itst\  l ighkr  
equipment and considerably less heat. The priniurg inno\ ;I- 

tion is thc metal uscii 1'01. the ~Iic~.rn;~l  spra!. \s hich is a 50:50 
combi~iation h! \olunic 01' /inc and alurriini~m. I t  i \  ex- 
pccteil that this >! stein ot'fcrs the hcst alternati\.c for thcrnial 
s~x-;~! .~pplication\. At the present time. its use huh heen 
re\cr\.eci ]'or long-span hriiigc\ because of the hiyli cost. 

Recommendation: 7 ' 1 1 ~  F HI\:-\ sliolrlel liii\,r, i.c,lc~w~i 

Other Topic5 

The Japanese are e\.alu;lting the use of bolted connrc- 
(Ions to i~iipro\.c sei\mic resistance o!'\teel s t r i lc t~~res.  



HSBA has incorporated tuned mass dampers into its 
bridge towers to control \.ibrations both during construction 
and during the ser\.ice life 01' the bridge. In thc United 
States. this technology has been limited to buildings. 

O n  the Kao-Ping K i ~ e r  Bridge. the foundation for the 
main pier was bcing cons t r~~c ted  using SILISS) .  ~ . a l l ' r  to carry 
the pier Ioxis. 

The response of large bridges to wind and earthquake 
loads is an important aspect of design. Design assumptions 
about actual dqnaniic characteristics. such as natural t'rc- 
quencies and damping characteristics, can be determined by 
forced \,ibration tests on completed bridges. Information 
can be used to improve design procedures. 

On the Kojima-Sakaide Route. which carries a railroad 
on the lower deck. special joints were needed to accommo- 
date rotation and longitudinal movements. 

Recommendation: The FHWA or NCHRP s l ~ o d d  distrib- 
ute copies of this scanning re~~iert ,  report to the AAR, the 
Arxericcul Railway Erzgirleerir~g orxi M~ii~lterl(iilce A.s.soci~i- 
ti or^, cznd the FRA ir?foriniilg thern nho~rt the r e i i h t~ r~  e.qxril- 
sion joirlts used b ~ .  HSBA. 

Construction of each tower foundation for the Young- 
jong Bridge uses pneumatic caissons. six remote-controlled 
exca iaors .  and closed-circuit tele\ision. Initrumentation is 
provided to measure water levels. currenl speed. caisson el- 
evations, and tilt. Construction is monitored and controlled 
from a separate control room. 

In Japa~i .  a high-strength silicon steel \\ire with tensile 
strength of' 180 kgfimn; 1256 ksi) has been dewloped for 
i ~ s e  in suspension cable\ in long-span bridges. The cable 
M.:IS first ~ ~ s e d  in the Akashi-Kaikyo Bridge. HSBA reported 
that the bridge design would ha \e  required four main cables 
\,it11 traditional strength wire. The high-strength silicon 
u,ire. in combination with a lower factor of safety for the 
cable. a l l o w d  the use of only two cables. thereby signifi- 
cantlq reducing the weight and cost of the structure. 

Steels Conrciir1ir7,q (1 Higher Percentage of h'ickel 

The Japanese have a wather ing  steel that is essentially 
equivalent to U.S. steel grades A709-50W and 70W. respec- 
ti\,el!,, lvith the exception that the nickel content is increased 
from about 0.3 percent to a b o ~ ~ t  3 percent. Similar steels are 
a\ailable in the United States under the ASTM A710 speci- 
fication. but steels meeting this specification are not cur- 
rentlq allowed b)' AASHTO for use in bridges. 

Thc Japanese huvc produced a composite cibration 
damping steel plate that con\ists of a 0.15- to 0.3-mm 
(0.006- to 0.0 I ? - in .)  la lcr  of \,i\co-elastic resin sandwiched 



h e t u w n  two 3.3- to 10-nim (0.00- to 0.39-in.)-thick \tee1 
plates. In thi\ plate. th t  s11e;u- deformation of the \.isco- 
elastic resin Iaber cailsed by the ~ ihru t ion  ha\ the e fkc t  of 
damping the vibration. The product \+,a\ dc \  eloped for use 
in \tructural member\ to r e d ~ c e  tht  noi\c eniittc~l froni el- 
e \ated highuays and rail lines in cien\e urban arc,l\. 

In the Nippon Steel Corporation f'lant. thcrmo-~iiechaini- 
cal control proces\ing tThlC'P) ccluipnicnt \ \ a \  hclng L I W ~  

In the rolling mill. T'MCP cori\i\t\ 01' ;~ppl!.ing iiccclcr;~ted 
cooling or direct quenching ot'tllc plate\ during the rolling 
process. resulting in plates bi th  higher strength ,ind t o ~ ~ g l i -  
ncis \L itliout incren\cd alloq contcnc. 7'kICP also allo\i.s [he 
production o f  plates \\ ith loucr  carboll cclili\ den t  n~inihcr\.  
a propcrty that yrcatl! irnpro\ e \  ~c1cl;ihrlit). The rcsiilt is 

that plates it11 >,ield strength5 grcnttr t1i;iti .345 MPa ( 5 0  h\ i )  
can be produced o n  linc. O n - l ~ n c  proce\\ing doc\ not limit 

HSBA utili/cx inno\,ati\e trir\\ elci~icnt\ in i t \  \tiffcri- 
ing girders. These clcnicnt\ al-e I'abricatcd a \  I'oilr-\~iicil 
h o ~ e s  or tube\.  Ho\+e\,er. to\+arci the end\ of' 11ic \ection\. 
t u o  of the four \ides a r t  traniitioned into u single n e h  \ti.- 
tion and the other t \ ~ o  sides continue tliroiigli to crc;i[c ;I 

\ h i c k  flange I-section that can he connccteti on iu,o \ides. 
The t \ ~ o  sides greatly simplil'! the bolted conricctrons at 
team points \a here niultiple meniher\ conic together. 



Man! of the construction sites had excellent \.isitors' cen- 
ters and excellent inf'orlnationd materials I'or di\trihution. 

DESIGN STANDARDS, CODES. AYD 
SPECIFICATIONS 

Design standards. codes. and cpccificatio~is in thc. t11rc.c 
countries use an approach similar to that ilsed in the l ' n i~c i l  
States. Design live loads are being dri\en up\\arcl h) tlic 
need to design for hea1,it.r and niultiple truck\. I n  J i ~ p ~ t i .  
special emphasis is now being g i \cn  to \eistnic clc.\ign. 
Specific items for each countr) arc gi\.cn it1 the I'cillo\\ing 
sections. 

South Korea 

I .  General 
2. Steel Bridges 
3. Concrete Bridges 
4. Substructures 
5, Seismic Design 

In general. bridge design in both concrete atid \tee1 is 
based on the allowable stress approach. Hov i.\ cr. sci\mic 
design is based on ~ ~ l t i m ~ ~ t e  strength. The design spccil'ica- 
tion< reference Japanese lndu\trial Standxiis ( J IS)  for qual- 
ity control and ~neclinnical properties of materials. Tlic JIS 
L I W ~  to be re\,isccl on a 10->ear c c l e .  H O M C \  er. rcce~it 
e w n t s  ha\,e resulted in more frequent change\. b 'hen  mite- 
rials not c w e r e d  by JIS are ~ ~ s e d .  tech~iic;~I c\pest\  ;ire coti- 
sulted and a committee re\-iew process is adopted. 7'lrrj 
Hi,qlzi~.i i ,~ Briclgc~ S/,c>c,(fie,citiorl\ appl) to span lengths up to 
200 ni (656 ft) and are re\ised e w r y  1 to 5 !,e:~rs. The seis 
rnic design specification was extensi\ely re\ isetl after the 
Great Hanshin Earthqi~ahc in 1995. 



Taiwan 

Kecotnnlendations on Design Standards, 
Codes, and Specifications 

The A4SH7'0 LKF'D Rritlyc~ Drl.,i:/r Spc~c,ific.cirior~ niu! 
represent a model document that could be used in these 
countries as they mo\.e touarcl an LRFD design approach. 
The United States should stay current on the Japanese pro- 
\ ision\ for n ind  loads. \barer load\. scour. wisniic tleaign. 
and ne\i ~iiaterials. The team recommends that l:IILi',\ x -  
range t'or the t r~ ln~la t ion  into Engli\h of the rele\,ant sections 
of' the HSRX specifications. 

DESIGN AND COKSTRUCTION PRACTICES 

In Japan. it i h  a requirement that bridges a i d  \ iaducts be 
con\tructed econoniically and c f f c c t i \ e l  in a short period 
of time to meet the rapid increase in traffic. The team 
Iciirned that JH and PLI.'RI ha \e  heen directed to loiicr costs 
by I0 percent and to introduce life-c!cle costing. The team 
;tlw observed that both gasoline tuxes and toll\ arc reliitivcl! 
~ i i ~ ~ c h  higher than in the United State\. 

A breakdo\vn ol'the various types of structure\ and their 
applicahlc span lengths as published by J H  is g i \en  In 
Table 3. Steel structures are used for longer spi111 length\. 
~11iercas in the United States concrete is more cornpctiti\c 
for longer span lengths. 

Man) of the superstructures of existing Japanese bridges 
;ire built of steel to r d u c e  weight and the reu l t ing  seismic 
I'orccs. These \tructurcs are tjpically plate girder bridges 
because of economy and ease o f  fabrication. Design is gcn- 
erall!, based o n  nonconiposite action between the concrete 
deck and steel girders because of'e;~se ot' rnaintenmce. Box 
girders are used where girder depth is limited and on small 
r a d i i  r e .  Eltxated \i:~ducts are used cxtcnsi\~ely in 
urban areas because of the shortage of land. Steel substruc- 

tures art. used to minirni/e the si/e of the footprint. Great 
emphasis i \  placed o n  doing a \  tni~ch u o r k  as pos\ible in the 
prefabrication plant and m i n i n ~ i / i n ~  labor at the expense of 
m;iteri;~l \\eight. For longer spans. truss bridge\. cable- 
sta!eci b r~dge \ .  and \uspcrision bridges arc used. .A unique 
feature noticed on the HSBA ~.outcs \ \as  the use of continu- 
ous suspension bridge\ such a \  tlie Kurushima Bridges and 
Risan-Seto Rridgcs and the ii\e of' continuous cable-jtaqccl 
hridges such as the Hit\uishi,jini;~ and I\wkurojirna Bridges. 

Concrete bs~dges  c0nsi.t of' rcinforccii concrctc hux 
girders. pre\tri.ssccl concr-ctc iompositc girders. m d  pre- 
\tressed Cotiirtti' boy gircIcr\ erected ~ ~ i i n g  the cantile\t'r 
method. Current ernpl i i~\~s 13 directed to metliodi of mecha- 
ntring thc construction process to re~luce labor rccluircrnents. 
Kei~iforccd co~icrcte ho t  be;inis are L I ~ ~ C I  o n  exprcs\\ta!s for 
hriilges ith span lengths o t  15 to I7 m (40  to 56 1'1). Pre- 
\tres\ccl concrete g~ri lcr \  are the \tandard t'or hridges ni th  
s p m  lengths ot' about -30 ni ( I00 t't,. For long span length\. 
box girder. con\tructcd h) the halanced cantile\.er nicthod 
are usecl. The use of precast concrete segment\ is leading to 
\horter construction titiic\. 

For short span hriciycs. standard plans and details are 
used and the proce\s is largel! automated. .Although it \\a3 
dif'ficult to obtain precise number\. there is a trend touarcl 
the greater utiii/ation of concrete ~ i ~ p t . r s t r u c t u r e ~  ;is \tee1 i \  
heconiins It\\ conipetiti\c than prcc;tst concrete for span 
lengths 01.60 to 100 171 ( 7 0 0  to 330 f t ~ .  

During the iic\ign phase of' \pecial stri~ctures. se\eral 
alternate I! pcs ot'hridgcs and con\truction methods arc con- 
sidered hut onl) one I'inal dcsigri i \  prepiired for bidtii~lg. 
HSRA ni;il\c\ ;I conipletc independent check o n  the anal) si\ 
of' all i ~ \  niiijor bridge\, Al'tcr a\i.arci of' the contract. onl! 
\mall changcs nia) hc proposed b! the contractor, There is 
n o  i n c e n t i ~ c  I'or contractorb ti) submit ~~lternat i \ -e  design\ ai; 
niajor changes are on15 made h) the o\i ncr and. in this situ- 
ation. the ,job price is recalculated and the contractor returns 
all \a \  ing\. The J'lpancw ha \  c l im~tcd experience ith \slue 
engineering and dcsig~i-build contract\. In some iituations. 
JH doe\ thc basic Jc\ign and allo\\ s the contractor to do the 
detailed de\ign. The u\u;~l hiciding proce<s iilso in\,ol\.e.; 
scpariitc contracts I'or thc \uh\ t r i ic t~~re and the superstruc- 
ture. nliereas for most bridges in the United States. onl! one 
contract is used. The use of ( 1 4 0  contracts u a s  e\,ident on 
\e\.eral niulti-span bridges \\ here the substructures for many 
spans \\ere coniplete hut the superstructure erection was a 
long \say twhind. 

JH ha\ built ;mcl is considering many innovati\e struc- 
tures. Among the inno\;iti\e t!,pes that i t  has de\.eloped is 
one iiescribecl a \  the "bistradosed Concrete Bridge." X pho- 
tograph of this t!~e of bridge is \ho\ \n in Figure 16. This 
bridge is similar in appearance to a m a l l  cable-\taqed bridge 
but u,ith ;I lo\\ tower he~pht .  Houc \e r .  the bridge is more 
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TABLE 3 Span lengths of bridges in Japan 

Type and Structure 

Steel Bridges 

Simple composite girder 

Simple girder 

Continuous girder 

Simple box girder 

Continuous box girder 

Simple truss 

Continuous truss 

Inverse Ranger girder 

Inverse Rohse girder 

Steel plate arch 

Prestressed Concrete Bridges 

Pretension girder 

Hollow slab 

Simple T-shaped girder 

Simple composite girder 

Connected composite girder 

Continuous composite girder 

Simple box girder 

Continuous box girder (cantilever erection) 

Continuous box girder (with scaffolding) 

%Type" rigid frame with diagonal 
-- 

Reinforced Concrete Bridges 

Hollow slab 

Span, rn 

Hriilgc In\titutc. the Precast/Prestresxt.d Concrete Institute. 
and AASHTO shonld bc inndc aware of this inno\,ation for 
their con\ideration. 

fHSHA u\e\ \ u\wl  collision s>stenis d c i g n e d  to protect 
ships as \ \ell  as hriclge pier\. In tlie Cnited States. the pri- 
11iar> g o d  in the cle\ign of dolphins. fenders, and piers is to 
pro\ idc protection 01 '  hriclye piers, h l in in i i~ ing  ship dam- 
age ha\ not hccn a priority in tiesign philosophy. Among the 
choice\ HSBA consider5 arc ccllulas steel buffer systems 
and I-m (3-1'1)-long breakaway plastic rods adhered to the 
I'ac~ng team. 01' their piers to absorb the collision impact of a 



\,essel. This niinimi/es ship damage and protects the pier. 
The pier protection system used on the Aliashi-Kaik~o 
Bridge is shown in Figure 17. The concept is a n i ~ ~ j v r  inno- 
vation. Any number of configurations can be made orlce the 
concept is considered in design. 

The Japanese think that repeated loads are n primal-! 
factor that is contributing to premature failure of their con- 
crete bridge decks. I t  was reported that bridges are sub- 
jected to illegal overloads that are much greater than clesign 
loads. PWRI explained that the failure mechanism starts 
with the formation of' transverse cracks from shrinkage and 
overloads. These cracks grow larger under repeated l i l t  
loads. Longitudinal cracks then begin to appe:tr po\sihl! 
caused by o\erloads. At w m c  point, the cracks \tart to 
propagate more in a shear mode than a bending niode. This 
di\.ides the deck into a series of rec tang~~lar  blocks. ii.ati.1- 
penetrates the cracks and leaches out thc cement \\hicli fur- 
ther reduces the shear capacit). Finall!. a punching shear 
typc of failure occ im resulting in holes in the deck. t-or 
bridges designed before 1980. punching shear ol' ilcchs \\ a \  
not considered in design. I t  is unknoun hen niiich of' ;in 
effect corrosion of reinforcing steel plays in ;i~~celer:it~ng 
this process. The Japanest arc not sure of the c\act I';~~lurc 
mode for thi\ phcnornenon. Conscqi~entl!. hriilgc\ arc de- 
signed to be non-composite. 

PWRI is actiiel!. researching the t 'Litig~~e pcrI'orni,inc.i. 
of full-scale concrcte deck leanis uhing [ic\h h!dr;~i~lic C C I L I ~ ~ ) -  

rnent capable ot'applying a moving u.hccl load in the 1;ihora- 
tory. Currently. no research rehults ha\.c been publi\hctl. 

Ih r ing  the \ i \ i t  to the Stccl Strncturc\ [>c\cloprncrit 
C'entcl. of' the Kcxarcli aiiil l..nginccrins C'cnrer at Sippon 
Steel ('or1xjr;ition. tc\t\ \ \<re lhcing pel.t'i~riiiecl o n  i'iill-\~/c 
bolted h c L i ~ i i - c o l ~ ~ n ~ ~ i  ~ ~ o n n c ~ ~ t i o n ~  for rcctang~11;11- ci11~11iin 
nicnil~cr\.  ' l k  te\t\ ucr' hciny L ~ o n d ~ ~ c t c ~ l  using \lii~rt ~ I L I I . ; I -  
tion ~.eal-linic il!nanili ili\pl;rccnicnt\ to rcpre\crit ext l i -  
~ L I A ~ \ .  The o h i c ~ , t i \ c \  ot'tlic rc\c;ircIi n c r c  t c i  L I ~ \  clop I T -  

sol'itt~ng n)ctIiods < ~ r i c l  to d t \ ~ ~ l i ) p  ~Ic\ ign cidcx 1'01. l ~ r y c  
c:~rtI iq~~akc I ~ I ~ I c I I I ~ ~ ~ .  I ) i~s~ t ig  tlic (;rc:it f~iiin4i11i k . ~ ~ ~ ~ I i q i ~ d . c .  
\ \c;ih~ics\c\ o ~ ~ c i ~ r r ~ d  i n  \onic \iclilcil L Y I I ~ ~ ~  ~ x ~ n n c c t ~ i ~ r i \ ,  
This h a \  hcen duplicated In rhc laborator). S ~ r h s q u c n t  tc\t\ 



Figure 17. Pirr protec,tior~ or1 Akashi-Kriik\o Brirlqc~. ( ( 1 )  

Schrrncitic (Ditrgnln~ by HSRA ): ( h i  Btlse (?/ 'pier.  

have been used to examine an alternative configuration us- 
ing bolted connections, angle reinforcement. and corner di- 
agonal plates. 

For qualit! control during construction, the contractor 
is required to submit a working plan to the agency. The 
contractor has primas) responsibility for qualit!. control. 
The team was informed that HSBA and JH do not perfornl 
conitruction inspection. The s:,steni is based on credibility 
between the agency and the contractor. The contractor 
checks that materials conform to JIS and the manufacturer 
provides a \barranty. For materials not co\,esed by JIS. a 
special warranty is required. By colnparison. most agencies 
in the United States provide their o\vn inspector5 for bridge 
construction. 

The team  as impressed with the precision used by the 
Japanese in construction. A hip11 degree of precision is nec- 
e s s q  because of the extensi\,c use of off-site prefabrication 
which does not ;~llo\+ for large variances o n  the site. On the 
Akashi-Kuikyo Bridgc. the tops o f t h e  t w e r s  \+ere \vithin 
20  nini (313 in . )  of their planned location. At Kurushinia. 
the caissons were precisely positioned. the verticality of the 
to\vers was carefully checked and the superstructure was 
erected from a self-positioning barge. This self-positioning 
system used triangulation with two fixed light tvave sources 
on land to automatically control the position of the barge in 
the 5trong currents of the straits. Thi5 application is an 
exan~ple  of the use of a global positioning system in con- 
struction. 

HSBA also does extensi\,e on-site monitoring to deter- 
mine the actual dynamic characteristics of the bridges for com- 
parison with design assumptions. For example. structures are 
monitored for accelerations fi-om both \bind and earthquakes. 
During constn~ction of the Akashi-Kaikyo Bridge. the towers 
were excited with vibrators to \.erify that the tuned mass danip- 
ers performed as planned. The superstructure on one of the 
Kojima-Sakaide Route bridges was also subjected to forced 
\,ibration testing. By contrast. \,cry little testing of completed 
bridges is performed in the United States. 

On the long structures built by HSBA, special expan- 
sion joints are needed to accommodate the longitudinal 
movements. This link-type joint is patented by HSBA and 
Sumitomo Metal Cornpan). The riding surface of the ex- 
pansion joint on the Akashi-Kaikyo Bridge is shown in Fip- 
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For iuspension bridge\ and cable-stayed bridges o n  the 
HSBA routes. the following observations were made: 

P ~ r d l e l  strand cables Licre used for the main cable\ of 
the suspension bridges 
Leadlcopper sockets \vex  used to anchor the strands of 
the suspension bridges A strand anchor o n  the A k a h i -  
Kaikyo Bridge i <  shown in Figure 27. 
A black polyethylene pipe used for the outer layer ol' 
cable protection on the Tatara Bridge has a dimpled 
outer surface to reduce vibrations cauwcl b> wind and 
rain. A photograph of the pipe is shown in Figure 23.  

The dimpled pipe surface may reduce or stop the vibra- 
tions that ha \c  occurred with \ n ~ o o t h  pipe ~ ~ s c d  o n  sonie 
U.S. bridgci. 

Along the approaches to the Akashi-Kaikyo Bridge. deck 
drainage is handled in an innoiative manner. The edge of the 
roadwa). surface is bounded by a pre-manufactured steel bar- 
rier curb. This curb has continuous perforations that allow the 
deck to drain into the curbs thenisel\,es. Inside the curbs are 
pipes that carry the drainage back to the abutments. The 
system is designed to allow routine maintenance and clean- 
ing. Ponding is niininiized because the drainage is a continu- 
ous perforated strip. Because the system is prefabricated and 
nonintrusive to the deck or to the superstructure, corrosion is 
mininiized. The concept of this innovation is not used in the 
United States but is a simple one to introduce with either steel 
or precast concrete barriers. 

South Korea 

In South Korea. the team \vas informed that. on a na- 
tional hacis. approxiniately 95 perccnt o f the  bridges are built 
with concrete. In the KHC hyxtern. approximately 80 per- 
cent of the bridges are concrete and. ~iround the big cities, 
that amount drops to 40 percent. blo5t of the prestressed 

Fi,yirr.c, 22. Strcird ~ i r ~ c I ~ o r c i ~ ( ~  0 1 1  tho Akmlli-K~rik>,o concrete bridges are precaht o n  site and then post-tensioned 
Brirlqc.  sing 13.7-0s 15.2-mm (0.5-  or O.(,-in.)-diameter strand sys- 



terns. This is the opposite of L.S. practice uhcre  111ost con- 
crete bridges are plant produced with 12.7-nini (0.5- in,  I -  

diameter strand. Steel bridges are becoming more competi- 
ti\,e in Korea as steel costs are becoming less and labor costs 
for concrete construction are increasing. 

In the past. i t  was estimated that steel and concrete 
bridges would have design 1iLc.s of' I00 and 50 years rc\pec- 
tivel?. Todab. as a result of the truck traffic \{eight mil  
\ olunie. t h e e  e t i ~ i i a t c s  h a w  been arbitrarily reduced to 50  
and 25 c a r s .  respectively. The engineering ba\is t'oi- the 
re\,ised numbers \%'as not pro\ ided. KHC has a polic! that 
permits the de\,elopment of alternate designs but has limited 
experience at doing this. Contractors may also psopose ;'I- 
ternati\,es. Design of concrete slab brtdges. steel bridges. 
and bridge details is standarcli/ed. I t  \+as ostiniateii that 
upproximatel!, 60 percent of structural culculations and 10 
percent of drawing preparations are automated. 

The road construction budget in South Korea has in- 
creased by approximately 19 percent per annum o\t.r  the 
pa5t 5 years. Despite this increase. further expansion i x  
needed to keep pace with growing demand. I n  the past. 
approximately 90 percent of the funding was d e r i ~ e d  from 
oil and gasoline taxes. Alternati\,e funding policies art. be- 
ing developed for the future. Taxes on \ chicle purcliaw and 
registration u,ill be reduced and a special excise tax on oil 
will be raised. Other capital will be r a i d  through the usc 
of government bonds. private funds. nen  taxes on tires and 
lubricating oil, and private capital investments. Generally. 
private sector finances are expected to be about 60 to 70 
percent of the project amount with the povernment p rwid-  
ing the balance. For public road construction prqiects. the 
Korean gowrnment  provides the land to the pri\.ate sector. 
The neu  Inchon Airport Expressway project is the first to 
use private capital. 

Designers are generally selected by the client through a 
process of prequalification and evaluation of subsequent pro- 
posals including costs. Designers for large projects are se- 
lected on the basis of prequalification and public bids. Ex- 
cellent performance by a designer can lead to the designation 
of "Excellent Contractor" by MOCT. This distinction re- 
sults in additional preference in the prequalification e\,alua- 
tion. Excellent Contractors also have the opportunity to 
take part in limited competition projects. On the other hand. 
designers that make a serious error r e c e i ~ e  demerits in 
prequalification. 

The issue of punching shear failures in concrete decks 
\ \as  also raised in South Korea. The Korea Institute of Tech- 
nology reports that cracks occur as a result of tlr!,~ng shrink- 
age T h r e  cracks further increase as a scsult of tiat'l'ic loids 
and penetrate through the deck thickness. I.eacliing of' the 
concrete and corrosion of the reinforcerncnt then occur. lcacl- 
ing to a punching shear failure. Some deck\ h a \ c  failed in 
this manner. 

I n  construction, slip forming is often ~1scd fc~s pier4 and 
barriers. On-site steam curing of concrete is perf'ormccl. 
Pre-flexing of steel beams before the concrete dcck is cast ix  

11sec1 for deflection control. Qualit! control for niaterials is 
acIiie\ed hg in\pcctioti [viol- to rnateriali ;~rsi\ ing on site. 

('on\truction 01'  cacti to\icr fo~tndation for the 
l'oungiong Bridge \ \ , I \  be~rig pcrtc~rniecl using pneumatic 
caii\ons. \ i u  re~iiote-cotitrollcii c \ca\alors  and closed-cir- 
cuit ~ c l c \ i \ i o n  l'roni one control rooni. \tio\\n in F'igure 24. 
l ~ i s t r i ~ ~ i ~ e ~ i t ; i t ~ o ~ i  1s pro\ icled to nie; is~~re \\ ater l t . \ ~ l i .  current 
\pecrl. cai\\on elc\ation\.  and tlh. Alignment of the caiswn 
\ \ a \  controllcd h! water balla\t m ~ 1  controlled digging. The 
hriclgc ii bclng huilr h! a n  I l -member intcl-national 
con\ortiuni, 

The collapie of' the Sung-Su Grand Bridge o\,er the 
Han-Gang Ki\er in  I991 \ \ A \  t l io~~ght  to be the result of 
f'atigue crack4 thiit gse\\ lo ;I critical \ize and the menibers 
t'ractured. No dctailcd ~nl'ortnation on the failure anal! iis 
\ \as  obtained. According to KHC'. n o  other in~t;lnce\ of 
serious ii,~mage C ~ I L I ~ L ' C I  13) f'atiyue l i i ~ \ . t  been reposted. Hou - 
e \e r .  thcrc h a \ c  been in\lance\ of t'atigue f m c t ~ ~ r r  and corro- 
sion of \econ~lar!~ members. I r  \\ a\  reportcd that analyses of 
t'atiguc-sen\iti\ e pasts 01' 4tccI bridges Iia\,e been ~nat ie  since 
cullapse of'the Sung-Su Gr;~nd Hriclgc. It a as also Indicated 
that q u a l ~ t >  control 01' \\elding has been impro\.ed. The 
KHC persc~nnel intiic~iteil that thc! arc interested in increas- 
ing the toughnes\ s p e c i t ' i c ; i o i  for their bridge steels. but 
the1 do not h a \ e  ~ ~ f f i c i c n t  information 1st  to proceed. 

Taiwan 

,According to the Taiuan Area National Freenay Bu- 
reau annual report t'os 1996. the Bureau owns 166 bridges 
o \ w  \I ares. 12 I o \  erpassei. 240 underpasses. 1 J aqueducts. 
and 7 viaducts. The team underitood that at the national 
le\,el. approximatel). 95 percent of the byid= "es are concrete 
and at the municipalit! le\.el. there are more steel bridges. 
Steel bridge5 are t!pically 30 percent more expensi1.e than 
concrete bridges. Steel hox beam5 are often used where the 



horizontal radius is small. The! are also prckrred I'or aes- 
thetic reasons. Pre-tensioned girders arc not popular in Tai- 
wan because span lengths and shipping lengths are not com- 
patible. Maximum shipping lengths are 32 to 35 m ( 105 to 
I 15 i't) and 4-m i 13-ft )-u ide box beams are often sliippcci at 
night to avoid fi~rther congestion on the highiva! s. 

During deiign. alternative systems are considered. Con- 
tractors ma!, propose alternative construction methods be- 
fore the bidding date. These methods are checked bq the 
agency's engineer before bidding. If acceptable. the con- 
tractor may then hid a price bused o n  the alternatiw. I i '  
several contractors bid a l t e rna t i~e  methods. the bid date ma! 
be extended to allow time for the designer to check the alter- 
natives. The benefit to the agency is a loner  price for the 
alternati\e. The benefit to the contractor is success in oh- 
taining the project. This bidding system diff;.rs fronl that in 
the United States \vhere alternati1.e methods arc re\ i e w d  
after the bidding date. Cusrently. consideration is being 
g i w n  to a lam that u i l l  split any sa\,ings equally between the 
agenc) and the contractor. Contractor5 arc required to pro- 
vide a I->,ear marrant!, after final checking in the field. 

In response to specific questions about design. the team 
learned the following: 

On concrete box girder<. a IOcC (18°F) straight line 
thermal gradient is used. 
Deck thickness varies with span with a minimum thich- 
ness of 22 cm ( 8 . 7  in.).  With steel box girdcrs. desifn 
is based on AASHTO Specifications and deck tliick- 
ness at webs is 40 to 50  cni ( 16 to 20 in. ) .  

Deck overhangs are typically 1.5 m ( 5  ft) but o n  the 
new freewa). bridge5 the werhangs  use as much as 
3.5 ni ( I  1.5 f t ) .  
On box girder bridges built bb the balanced cantilc\er 
method. the two cantile\,ers are jacked apart before the 
mid-span closure placement is made. This reduces the 
effects of forces caused by creep and shrinkage. 
Trans\ erse post-tensioning of the deck is not ~ ~ s c r l .  

The Taiwanese reported concrete briclge deck cracking 
from truck o \ , e r load .  These cracks occur in the longitudi- 
nal direction adjacent to the webs. T h e  also reported deck 
deterioration caused by carbonation. In general. the only 
admixtures used in the concrete are for air entrainment. As 
a result. the concrete generally d o c  not ha1.e a specified 
compressi\e strength greater than 3 3  MPa (5000 psi). al- 
though a conipressive strength of II MPa (6000 psi, wax 
used on the Hsichih-Wuku widening project. 

During construction in urban area\. great care is titken 
to not interfere with traffic flow on the existing s>,stern. 
Methods that ha\,e been adopted include erecting abo\,e 
freely moving traffic and ilsc of the balanced cantile\er 
method of construction with the out-of-balance moment be- 
ing taken by the pier during construction. The latter method 
has led to the procedure in which the can t i l e~ers  are altcrna- 
tively advanced u.ith only a half-length of segment out of 

h;~lancc. Thi\ is achie\.cd b! casting a half-length segment 
at the beg~nning of' one of the cantile\ers. It \\us also noted 
tIi;lt end .;pans were constructed using form tra\,ellers and 
[he c ; ~ n ~ i l e \ e r  method. A temporarq pier was pro\icled near 
niicl\p;~n 10 ;111ov the cxitilc\.cring to continue to the abut- 
ment. H!draulic j x h s  \\ere installed bet~veen the tenipo- 
rarq pier and the box girders to aci.just for an) settlements. 
This teclinicli~e elimina(eil the need for continuous shoring 
that i \  I'requentl! used ill the United States. 

I h r i n g  the \ite \ i\it. i t  \ \as obser\ed that Xertical me- 
ch~uiicall! stahili/ccl u ; I I I  s!stenls. as sho\v~i in Figure 25. 
arc used to heights 01' 15 m ( 5 0  f t ) .  Ga lvan i~ed  metal straps 
ilre 114ed to ;t~lcIior the prec;~st concrete teams. I t  was also 
ohsen  cd that steam curing of bridge girders is used on site 
to obtain higlier initial strength. This is probably essential 
since most concrete is site ~ ~ 1 s t .  

O n  the Hsicliili-M.uku ~ t iden ing  project, a technique 
described as tlic re\,erse circulation drilled pile method wax 
use~l .  In this technique. \+ater is pumpcd into a hole and 
m i d  remo\ed h!, suction from the bottom of the hole. After 
pl~~ccnient  01' the treniie concrete. grout is pumped between 
the hottom of the tremie concrete and the supporting soil. 

While \,isiting the Kao-Ping R i w r  Bridge. the team ob- 
ser\,ed an i~ino\at i \ .c  foundation practice. To  speed con- 
struction. I .3-111 (4.25-ft)-thick con\entionall!. reinforced 
concrete slurrq \+.ails \+ere constructed 37 111 ( 121 f t )  to rock 
in a rectmgular h p c  surrounding the plan \ i ew of the 
to\vcr. E \c ;~ \ .~ i t io~ l  \\.;is then made to a depth of 7  m (23 f t )  
within the c o n f i n e  01' the slurrq w~ills.  Reinforcing steel 
\ \as  tied into  he \\ails to crcatc a I - m  ( 13-ft)-deep table top 
to transfer toucr  I'oundation load.; to the slurry n,alls. The 
remainder of the area \ \as buckfilled. Lo further foundation 
preparations were necessary at the tower location. This 31- 
lo\+cd I'or a rclati\cl! rapid. higli-capacitq foundation for 
the briclge ton cr. The tern could not identifq a similar 
application in C.S. hridgc building practice. 



Keconimendation~ on De\ign 
and Construction Practice\ 

Baaed o n  the abo\  c o h s e n  ationa. the I'ollo\\ ing topic\ 
are rcco~i~mcnclcd for I'i~rtlier e \ : i lu ; i t i~n ;11ii1 possillle appli-  
cation in the L'nited Stiites: 

of the HSHA \pccit ' icat~ons hc translated into F.~-iglish 

The  Ja lx~nesc  ha\  c clc\ e loped IC)-u.~re prestressing 
itrancis \\ ith iii;imeters of' 17.8. 19.3. 20.3. and 21 .S mnl 
0 7 0 .  0 7 6 .  I S 0  I O X  i n  ~ s p e c t i c l .  The  strands 
ion i i s t  of trio conce~l t r ic  Ia!ers ol' wire \%rapped around a 
center \\  re. The  \ \ i re  d i , ~ ~ u c t c ~ . s  in the t ~ o  l'i>crs are differ- 
ent.  1:ach concentric Ii~!er consists of nine M ires. The  i trand 
hxs a spcc~t'icti riiiniriiiim strength \ l i g h ~ l y  1e.s than Grade 
7 0  r ~ i l  The l;irge\t strand h a  a niinirnum breaking 
\trcrigth 01' 3 .1 tirile\ the strength of a 12.7-11im (0 .5 - in ) -  
diaiilcter (;railc 270 s t r a~ id .  The atrands arc listed in JIS G 
3536 L'nccutcil Strc\a-Kelic\eil  Steel Wires and Strand\  f'or 
I ~ r e ~ t r c s i e c l  C o ~ i c r e t e ,  . \ceording to HSBA.  the 19-\+ ire 
strand is i~sci l  1'0s trims\ crsc post-tensioning of  bridge decks .  
'I'hc strariil I I J ~  pote~i t~i i l  application\ in the CTnited States 
\i ~ t h  high-itre~igtl i  prcstrc\sed concrete beams. 

In prior mcetings \\ ~ r h  the Japanese.  it has  been implied 
that the steels prodi~ced in J:ipan are higher qualit! than 
those p ~ ~ o d ~ ~ c e c i  in the I~'nitcii States.  T h i i  statement cannot 
he p ro \ .u i  or  d i sp ro \en  based on information obtained in 



this scanning tour. The Japanese specifications do not seem 
to be more stringent than the U.S. specifications. except for 
the case mentioned below. During the visit to Nippon Steel's 
Kimitsu Works. it was indicated that the vacuum degassing 

~e con- process has been applied to all steels used in brid, 
struction for at least 13 years. This process reduces the 
amount of hydrogen and other gasses that are trapped in 
solution in molten steel. Presence of high amounts of these 
gasses can lead to weldability and toughness problems. This 
process is a\,ailable in the United States but has not been 
commonly used during production of structural steels be- 
cause it increases cost. Because degassing does improve the 
qualit) of steel. this may be one reason to support an alleged 
qualit) difference between Japanese and the U.S. steels. No 
information was obtained concerning the price difference 
between Japanese and U.S. steels. 

this steel can no longer be considered a "weathering" steel 
that depends on de\,elopment of a rust patina for corrosion 
resistance. This steel is actually a low-grade stainless steel 
and i t  might be more proper to call it corrosion-resistant 
steel rather than weathering steel. Nickel is a v e q  expen- 
sive alloying element. Therefore. the cost of this steel is 
expected to be significantlq higher than meathering steel but 
not as expensive as a true stainless steel. 

There may be s potential application for this product to 
allon, unpainted bridges in environments where traditional 
weathering steel is not considered suitable. Such applica- 
tions include coastal areas. wet areas. and areas where super- 
structure elements are expected to be exposed to significant 
amounts of road salt such as under expansion joints. The 
added cost of this steel may be justified in many circum- 
stances when compared to the cost of painting and mainte- 
nance over the life of a structure. 

Titrrr1i~tm rr11t1 Striir11e.s.v Cllrtl Steel Plrrte 
There appears to be a strong interest in Japan to use 

steels with high-performance attributes for bridge construc- 
tion. The reasons are to produce structures with lower cost 
and to produce more durable structures with a lower life- 
cycle cost. However. it is not clear what percentage of the 
new steel bridge market is currently using HPS. There is no 
absolute policy requiring its use. The current highway 
specifications allow for the use of steel with a yield strength 
up to 570 MPa (83 ksi). One recent change is that the bridge 
specifications no longer allow steel to be specified under the 
JIS S M  400A specification. This is essentially the same as 
the ASTM A36 specification used for rolled shapes. This 
means that U.S. steel producers would not be able to market 
A36 steel for bridges in Japan. 

Nippon Steel Corporation appears to call their entire 
steel product line for bridges "high performance steel." 
Since there is no clear definition of what constitutes high 
performance. this may or may not correspond with what is 
called HPS in the United States. For instance, Nippon Steel 
lists SMA 490W as high performance while the correspond- 
ing product in the United States. ASTM A588, would not 
fall under this definition. Several products from Nippon 
Steel that are not commonly used or are not available from 
U.S. steel producers are described in the following sections. 

This product is essentially equivalent to U.S. steel 
grades A709-50W and 70W. respecti\.ely. with the excep- 
tion that the nickel content is increased from about 0.3 per- 
cent to about 3 percent. Similar steels are available in the 
United States under the ASTM A7 10 specification. but steels 
meeting this specification are not currently allowed by 
AASHTO for use in bridges. With the additional nickel. 

This product has a thin layer of titanium or stainless 
steel nletallurgically bonded to the surface of a high- 
strength. low-alloy (HSLA)  steel plate during the rolling 
operation. The result is a structural steel plate with ex- 
tremely high corrosion resistance at a much lower cost than 
a solid corrosion-resistant plate. The Japanese have used 
titanium clad plate for corrosion protection of the steel piers 
supporting the Trans-Tokyo Bay Highway. A 5-year field 
test showed the titanium cladding was effective in prevent- 
ing corrosion in the tidal and splash zones of the bridge. 
The cost of the cladding systems was not made available to 
the team. but it can be surmised that they are expensive. 
Because of the expected high cost, it is doubtful that limited 
use in bridge structures could justify the cost to develop 
such products in the United States. It was not determined 
how much of this product has been used in Japan. 

Weathering Steel 

The use of weathering steel has been somewhat limited 
in Japan. I t  has only been used in mountainous regions and 
corrosion-free places. The Japanese have an interest in us- 
ing increased amounts of weathering steel to avoid the high 
costs of painting. However. they ha\,e a concern that current 
weathering steels may still continue to corrode in many parts 
of Japan. 

A new product is being developed that niay have the 
potential for improving the performance of weathering steel. 
Sumitomo Metal Industries. Ltd.. is working on a primer 
coating for weathering steel that can improve the develop- 
ment of a stable ru\t patina. This coating appears to be 
applied in a manner similar to a shop-applied primer coat for 
painted bridges. I t  appears that elements from the primer 
combine with elements from the steel to form an enhanced 



rust patina o n  the surface. Researchers at PWRI indicated 
that there may be two iignificant ;ld\anti~ges to this pr011~1ct. 
I t  proniises to eliminate initial subs t ruc t~~re  staining that has 
been a problem with neathering steel use in some c a s c  and 
i t  promises to help \tahilize the patina and reduce the rate of 
corrosion for the weathering steel. This product i \  still  he- 
ing researched at PWRI to verify it\ beneficial attributes. 

If this product narks as well as is hoped. it could have :I 

significant impact on the economy of steel hriri, ~ c '  construc- 
tion in many parts of the United States. There arc \ t i l l  nian!, 
authorities in the United States who are not using \\cather- 
ing \tee1 even though i t  can he economical. Concerns relate 
to the corrosion rate and aes the t ic  related to the staining 
problem. If this product. or some other product. could he 
pro\ en to \sork, it should p a w  the vr aq t'or increased use ot' 

\$ eathering steel. 

T h i \  product. with a trade name of Vihless-Plate. con- 
si\ts of u 0. 1.5- to O..%mm (O.OO6- to 0.01 7-111.) la!,er of 
~isco-elastic resin sand\vicheil bct\+een two 7.3- to 10-mm 
(0.09-  to 0.39-in.)-thick iteel plates. In this plate. the slie;~r 
tleforniation of the \,isco-elastic resin laqer caused h> the 
\ ihration has the effect of damping thrl \ ibration. The prod- 
uct u a s  de\ eloped for use in itructural members to reriucc 
the noise emitted from elevated highwabs and ritil l int\  in 
dcn\c urban areas. This is a significant problem in tlcnsel! 
populated citie\ in Japan ~ , h e r c  ele\,ated roads :ind rail\+ a? 
are close to occupiccl buildings. 

ing 1i1ill. Th lCP con\ist\  of appl! inp accelerated cooling or 
direct quenching to tlie platcs during the rolling process. 
resulting in plate\ \s ith higher itrength illid toughness ui th-  
out increased allo! content. I'XICP also ullo\\s the produc- 
tion of plates \\.it11 lo\s er carbon e q ~ ~ i \  alcnt numbers. a prop- 
crtq that greatl) inipro\cs \iclcl:~hilit). The resl~lt is that 
plates \sith !,ield strength\ greater than 345 MPa ( 5 0  hi) 
can he produced on-line ni thout  the need for off-line 
quenching and tenipcring. . \ I \ ( ) .  on-line processing does 
not liniit the length ot'plate that can he pro t l~~ced .  The use of 
TXlCP has allo\sed IISBA to \\cld 14-mni ( 0 . 5 s - i n  )-thick 
780-MPa i I 13-ksl J ultiriiatc. ,trcngth steel \+ it11 only 50' C 
1 I?:! F )  preheat and no intcrpu\i control. .A l u r ~ e  propor- 
tion of the \tcel In thc stiffening tru\s of'thc .\ka\hi-Kaikho 
Bridge is 780-MPa i I 13-k\i I t c ~ l \ ~ l c  \trength steel. 

Con\entional oft'-line quenching iuid tempering can he 
usecl to obtain \iniil;ls \tee1 psopertieh ;I> T I ICP.  but the 
proces\ i h  niore c\pcnsi \c  to pert'or~ii and onI> ;I t'ev (1,s. 
f'ahrication \hop\ q p l >  this ti.chnolog> to bridge construc- 
tion. Currenr ol'f-line qucncli~ng itlid te~npc'ring in the Lrnited 
States limits plate lengths to ahout 15 m ( 5 0  ft , .  This can 
increahc the n~lmher of ~c lc le i l  \pliccs reqi~ired to fabricate a 
hridge girder. thcl-eh irlcrcasirig co\t.  The ad\ antages of' 
TLlCP h a \ c  heen kno\+ 11 lo hot11 the FH\i'A and U.S. Na\,) 
for  man> >ears. hut the I ' .S .  \tee1 industr! doe\ not bet h3 \e  
thi5 capahilit! in their t'acilit~cs. Introduction of TLlCP GI- 
philit!. or \imilar tcchnolog!. into the Lnited State\ hinges 
on the u.illingne\\ o f thc  \tee1 companies to ~ n a k e  the neces- 
\;II.! c3pit;lI in\ cstnicnts. l 'lii\ shoulci hegin to happen in tlie 
near t ' ~ ~ t u r e .  Once thi\ c:~pahilit! beconics a\,ailahlt.. i t  
\hould i n ~ p r o \ c  the qualit! ~ ind  m s t  of' HPS 111 the United 
S t ~ t t e ~  J\ i t  has done in .l,lpan. 

The Japanese indicated that some bridges ha \e  heen 
built ~ i t h  tapered thickness platcs. These plates are rolled 
\o that the thickness continuousl! change\ a l o n ~  the plate 
length. allo\+ ing designers to cont inuo~~slq \ arq the g ~ r d e r  
section properties to match the r e q ~ ~ i r e d  \ection properties. 
This results in an efficient design vrith reduced flange 
splices. Iliscussions indicated that the economy of'  sing 
tapered plates is questionable. Nippon Steel Co~porat ion 
indicated that they do not like to roll tapered plate\ as i t  
disrupts their normal production proceclures. Because the 
hcncfil of tapered plates is not immediately apparent. thi\ 
item should probably not be recommended for irn~iiediate 
implementation in the United States. Tlic experience of' both 
the Japanese and Europeans should be rnonitoreci to see il'a 
clear ad\antagc beconies apparent. 

In the Nippon Steel Corporation Plant. thermo-rnechani- 
cal control processing equipment b a s  being used in the roll- 

Nippon Steel Corporation has also introduceci a nuniber 
of specialt! \tee1 produ~~th  targeted for \pecit'ic applications. 
There i. ;I special tfi-.-\sect Steel that i \  de\ignetl to a r r c t  
brittle crack propagarlon and \top progres\i\c tiamage in 
\hip iind t;tnk ~ t r i ~ ~ t u r c s .  A larnellar tear-re\i\tant steel is 
a\.ailiible mainl! for huilcii~ig i.olunin\ and other \pecial 
"high re\tr;iint" applicat~onz. 7'1ic1.c i \  al\o a \pecid \tecl 
designed to allot\ high l i c ~ t  input \iclding for building u\e. 
In addition. the Japane\e ha\ c dc\ eloped a fire-rc\istant \tee1 
for usc In building\. Thi\  steel \ho \+s  a X I O M C I .  rate of' 
\trengrh 1055 u it11 incrca\ing temperatures compared to the 
normal \tecls. None of tIie\e products ha\ c h w n  ~iiarketect 
t'or u\c in h r ~ d g e  \ t ruct i~~.c\  in J;II>;II~. 

Onc other item of note I \  that the Japanese Ila\,e spe- 
cial rccjuireiiient\ t'or \teels that are suhjccterl to cold form- 
ing operations. 'I'hc tougIirie\s 01' thc \tee1 ] \  \pecified 
clepcncling o n  the rad i i~ \  01 tlic <,old form hcnd required. 
Smaller radii require 1i1ghi.r tougline\s to pre\,cnt crack- 
i n g  It i s  not clear I i o ~  much thi. \teel i \  u\ed in bridges 
in Japan. Therc is ci~rrentl! l i t t l i '  use of cold forniing in 



bridge structures in the United States, but this ma! change 
in the f'uture. 

During the visit to the \r'okoga\va Bridge Corlxx;~-  
tion, it n a s  noticed that greater irnportancc was placed o n  
qualitq control than in the a \  erage shop in tlie Ilnited 
States. F u l l - \ i ~ e d  templates \\ere created u\ing a coln- 
putes attached to a \er! large plotter. There ;ippearcd to 
he a lot o f  double checking of layout and tolernnce\ ~1i1r- 
ing the hole drilling and fit-up opera!ion\. E \ e n  \ \hen 
computer-controlled drilling ecl~lipnient \\a L I ~  to drill 
holes automatically. the plates 1vel.e first laid out o n  \epa- 
rate equipment as a check. 

The Chiha Plant of Yokogav a Bridge Corpor;~tion L I W \  

computers to generate the shop dra\$ in?\ ;mcl la!,out tcni- 
plate\ for rtructures I'abricatecl in its shop. The Chiha Plant 
had not implemented a direct interl'uce het\\een the C'A1)I) 
s y t e m  and the system\ L I S ~  to p r o y a m  the automatic cut- 
ting and drilling equipment on tlie \hop floor. Y o k o g , ~ \ \ ; ~  
indicated, lionc\,er.  that some of their other I'ahsic;~tion 
plants are alreadq itsing such an interfxe.  There are a l ' c ~  
L1.S. (hops that li~i\.e experimented with this tech~iolog!. hut 
none h a \ e  i t  in e\w!,tlu!. u w .  Furt1ic.r dc\,elopnirnt and 
implcmentntioti of this technology iliould hi. \trongl> ell- 
courayed in the L'nited Statez to inipro\c the I':~hrication 
efficiencq. of steel bridges. 

Large sinfle pas\;. high-heat input u e l d i  n c r c  routinel) 
obser\,cd in thc site \ isits to the Chiba Plant and tlie HSH:\ 
bridge\. Both the sublnerged arc \\eldins (SALi') p r o c c i  
and the gax-i~~et~~I-;~rc-\ \cl t l i~ig (GRIXM') proccfi appcarecl 
to be used routinel>. The t\vin parallel arc p r o w \ \  q y x i r c  
to be routinel!. used for bridges. 2s is cornmoll p~.acticc ill 
many U.S. fabrication hop.;.  

The big ad\.antage to high-heat input welding i \  that i t  
speeds LIP the fabrication process. Tlic u eld\ oh\er\,ed at thc 
Chiba Plant u e r c  similar in s i ie  to tliose produced h! the 
electroslag process in the United States. Both proceise\ are 
currentlq not allwved in bridge n o r k  in either counts! be- 
cause i t  is difficult to get adequate toughne\s for bridge\. In  
the United States. rescarcli has concentrated on inlpro\ ing 
the electro\lug process. while i n  Japan. the! appc;ir to he 
resexching SAW and GMAM' p r o c c c .  Thi\ ma! lw an 
i x u e  u here future information euchange \\ ould hcncl'it 130th 
countries. 



\ignific;~nt cost sa\  ings in [he 1';hrication i l l '  stc~cl hridgc\.  
'T ' l i ih  \ \ i l l  he cspcc~all!  true l'or boy sirii'r h r~ i lgc \  itli co111- 
pie\ c u n c s  ;111tl gcometr!,. 

Field \\elcling is routinel! u\ccl during conztructlon 01 the 
bridge\ o n  the HSBA I . O L I I ~ \ .  The ~cgmcnr;i l  wctlori\ 01'  thc 
\tee1 box deck wctions on the \~i \pen\ io l i  hriilgc\ ~ 1 1 d  i;ihIc- 
\la! bridges all had a I'LIII pcncti.atioii closilre \ \c ld  coriiii.ctilig 
[lie top deck plate\ togcrher. HSH:\ incl~iatcd the nclt i \  ncri .  
niailc: in the f'icld using the GR.l:\M' p~ .o i . c \~ .  'I'hc \\ cld\ ~111- 

pe;~ 'cd  to he one-jidctl and 11i;iJe \ \ i th a single pa\ \ .  Tlic 
\pecil'ication tor. the roo1 gap is i l io\\ ,~i  in f ; i g ~ ~ r c  2-. .l'Iic i.oot 
opening i \  specii'iecl ;is 0 and 10 nlni (0 and 0.30 in. I i r l i  a 
1;irget \ ;11i1c 01.3 ~ i i m  (0. I2  in, I ,  Tlic pI;itc t l i i ~ , k ~ i ~ i s  ; I \  ; I I X X I ~  
3 tii~ii I 111.1, Con\~crs ;~t ion\  n ~ t l i  f ~ ~ ~ o l ' e \ \ w  h l ~ k i  t t i~lic~itcd 
~ I I  l u t i p c  ;iricl toughness ~ c s t ~ t i g  \lie\\ cd tlic\c ii elilk crc 
\uitahlc for their intc~idcrl purpo\c.  

K e ~ ~ i i o ~ ~ t r h l i ~  Br1c.X-L'p H[ir.., / ( I / .  0 1 1 i  -S i t / c ' t l  \ \  i , i r l / ~ i ; ~  ' \ l  o /  f - ~ / ~ t o ~ - . S ~ d i , d  /.t?f \ \ P. /?I I ICI I ! \  111t/ t  
1'11111 ~ ~ ~ I O I I  t o  /-.Ye>( t i o i l  \ 

HSBA n1;tkc.s uhe oI ' \ tecl  bridge deck\ lor  all I ( \  til;i,jor 
bridge pro.iect\. T h e w  are o~~tlicitropic hriclgc deck \  1'ii.lci tISH.4 L I \ C \  ~ n ~ i o \ a t i \ e  I I . L ~ \ \  ~ l c m c n t \  in their stift'cn- 

ing glriicr\. 7'lic\c elernenti  ;IIY 1';ibricatcd :I\ four-\iilt.d 
I x n c \  o r  tubes.  I lo\\ c \  cr.  I ( , \ \  . ~ rd  the enif\ 01 the sections.  
t \ \ o  01 '  tlic I'our \iclc\ :lrc tr;in\itionetl into a \ inglc n e b  

5 0 ' '  ! 10 \cctioti and the ot1ie1. I \ \  o \iilc\ co~i t in i ic  t l i r o ~ ~ g h  t o  create a 
5 _,--~------ 

\\ idc I'l,iiigc I - \ccr~ot i  rIi , i t  can I>c connt.ctcd on t u o  sides.  
, The  trio \ idc\  grca~l! \~ i i i p I~ t '>  tlic hoiteii connections at 

1 teal11 points I\ here ~ i l i ~ l t i p l c  n i c ~ i i h e r ~  conic together.  .A 

1 1 '  i r ino\; i t io~i Ira\ the porcnti,il I'or l'.S. ;ipplication In nc\\ 

3-3. 3+7m111 \ ~ I - I I C I L I ~ . ~ \  iind in the ~ c p l a c c m e n t  ol 'c\ ixting t ru \ \  e lements  
--I C - - -. -. .. - - . 

that ~t t i I i /c  h o \  we t ion \  csc'itcd t'rom lactiig hiti-\. This  
F ' i q i c w  27. .S /~c ,c . i f i c . e i f ior~s  f i ~ ~ .  the ,  t.ooi : , ( / / I  o f  . \ t c ~ l  c/c,c.X tccliiii~111c ~ i i ;~ !  Iiaii. ,ipplic,itiori in \ tructures o ther  than 
/ ~ i t l t c ~ s  t i ) / .  o/ l- . \ i t t ,  1 i ~ c l i l i 1 1 y  / I ) ~ ~ / : , I I ~ I I I  / I \ ,  HSB,  \ j. t r ~ t \ \ c \ .  



sistance. and lamellar tearing resistance. The steel has bcen 
used in buildings hut has not yet been used in bridges. 

In Japan. the use of t \ \  iit-off and blind bolts is acceptcd 
practice. In the United Stutei. these are ot'ten allo\\cd as 
contractor option\. The benefit\ of the grearer use of blind 
bolts (one-sided bolts) include tlie ease of connection 01' 
h o l l o ~ ,  tube iections. Currently. the cnnq>lcx connections 
associated M ith these h o l l o ~ .  5ections limit their acceptance 
in U.S. practice. Additionall!. more common use o l ' t ~ i s t -  
off bolts uould casc qualirq assurance c o n c e r n  and speed 
steel erection. These arc. L .S .  innolations that seem to be 
more accepted o\,erscas than ~kitliin U.S. practice,. O n  
HSBA bridges. the t ~ ~ r n  of the nut niethod is i~scd  with high- 
\trength bolts to monitor bolt in\tdlution. 

South Korea 

The rn~~.jorit! of jtccl bridges ; ~ s o ~ ~ n i l  the Seoul  are;^ u \ t '  
multiple rectangular box girders. Ver) few I-girder bridges 
were observed. Most stet'l bridge> had more bolted splices 
than used in the Llnited State\. The splice5 Lvere occurring 
about ever) 8 rn ( 2 6  ft) along the length ol'the structure\. I t  
was suggested bq KHC that Y m ( 2 6  St) ii about the maxi- 
mum practical shipping length b). high\ia!. I t  is not known 
uha t  steel plate lengths arc a\,ailable in So i~ th  Korea nor 
was any information obtained o n  ~velding practice. I t  is not 
known ~vhether the! prefer to boll or weld plate connections 
in the fabrication shop. 

TMCP is a\ ailable to at least one stccl producer in South 
Korea. POSCO dewloped TMCP \tee1 products in 1991 LO 
meet the market clemand I'or a steel with higher! ield itrength 
and enhanced \~.eldabilit!. The Koreans reported that TMCP 
result\ in a I0 percent incrcaw in !,icld strcngth and pro- 
duces a steel \\ it11 c.iccllcnt welding propertic\. ieiimic rc- 

Weathering steel is a\ailuble in South Korea from two 
suppliers (POSCO and Bethlehem Steel). Prior to 1993. 
there \bas little demand for the product. but its usage has 
been increasing and is expected to excecd 10.000 tons per 
annurn. The moit likel) demand s i l l  be for a weathering 
xreel with a yield strength 01'483 hlPa ( 7 0  ksi). Research is 
~ ~ n d e r u a y  to nchie\e weathering steels with higher yield 
strengths. In Jul: 1997. fi\ e uncoated \+eathering steel 
bridges had bcen completed in South Korea and eight more 
bridges \+,ere under cons t r~~c t ion .  

High-drength steels have been de\,eloped to reduce the 
weight of steel structuses in tall buildings. They h a \ e  not 
yet been used in bridges. The Koreans classify their product 
into the following t'our categories: 

High tensile strength a c h i e x d  with low alloy content. 
High tensile strength achieved h. heat treatment. 
Techniques to achieve finer crystalline s t r~~c ture .  
Hardening techniques by cold working. 

Steel is classified hy tensile strength of 490 and 
588 MPa ( 7  1 and 85 ksi). The 490 hlPa (71 k i i )  steel was 
reported to ha\ e excellent characteristics for welding. notch 
I'atifue strenpth. workabilit!. and corrosion resistance. 

The Koreans also reported o n  fire-resistant iteel for 
buildingi in u.hich the fire-resistant coating can be re- 
d i ~ c e d  b), 113 to 112 compared to the normal coating. This 
product is cun-entl), au.aiting certification for use b!, tlie 
MOCT. 

I h r i n g  the \ isit to the POSCO Center Steel Galler). a 
diiplaq il1ustratt.d that POSCO has developed an artificial 
inrelligerice model lor blast furnace operation and a high 
le\,cl of autoniation in steel production. I t  u a s  also noted 
that continuouj casting and \.acuum degasing are uwd.  The 
extent that theie proce\ses are uwd in production of steel for 
hridgea b a s  not determined. 

I t  wai  learned from discussions that some fabricators 
hn\,c automatic cutting and drilling machines and that some 



proprietary systems have been developed. Gencrall) . the 
smaller companies d o  not ha\.e automated equipment. 

Spirally welded steel pipe u a s  observed being used for 
drilled foundations. No information was obtained about the 
properties of this type of pipe. 

that influence5 the bridpe protection strategies in these 
countries. 

Japan 

Taiwan 

Structural steels used for bridge production in Taiuan 
are based on ASTM Specifications. Steels conforming to 
ASTM Designations A 36 and A 573, are used for most 
bridges. A f e \ ~  bridges have been built ui th  steels conform- 
ing to ASTM A 588. but were painted. 

For fabrication. i t  was reported that numerically con- 
trolled equip~nent  is used for cutting and drilling. For fabri- 
cated sections with 50-mm (2-in.)-thick flange plates con- 
nected to the web with penetration groove welds. i t  u a s  
found that lamellar tearing occurred in the flange. The tear- 
ing was attributed to through-thickness \hrinkagc from the 
groove weld. 

Prefabricated sub-assemblies are welded on site using 
both S A W  and G M A W  processes. With the GMAW pro- 
cess. shielding is required to block the wind u,hich might 
interfere with the CO2 shielding gas. 

Recommendations on Materials, Fabrication and 
Joining Techniques 

On the basis of the above observations, the following 
technologies are recommended for further evaluation and 
possible application in the United States: 

Nonsegregating flowable concretes. 
Nonseparating tremie concretes. 
19-wire prestressing strand. 
High-strength silicon steel wire. 
Steels containing a higher percentage of nickel to im- 
prove corrosion resistance. 
Vibration damping steel plates. 
Increased use of T M C P  or similar technolog). 
Computerired assembly and testing system (CATS)  for 
steel components. 
Nonmetallic remo\.able back-up bars for one-sided 
welding. 
Truss elements that taper to [-sections at the end con- 
nections. 

HSBA docs not consider corrosion-fatigue of the high- 
wength  silicon &.ire to be an! \torst. than corrosion fatigue 
of con\ entiond cable wire. They attribute part of this to the 
lower ratio of live load to dead load that occurs in long-span 
structure.; and to their technique of drying the air inside the 
cable as described bclou,.  

On the Kurushima Bridges. a w a p p i n g  wire with an S-  
shaped cross section. developed by Nippon Steel Corpora- 
tion. will be used to wrap the main cables. The cross section 
of the u,ire, as shown in Figure 7%. is designed so that the 
t u o  legs of the S-interlock to produce the pattern shown in 
Figure 39b. The interlocking provides a tighter seal against 
moisture penetration compared to wrapping with conven- 
tional u,ire having a circular cross section. The interlocking 
is also expected to reduce cracking of the exterior coating. 

( a )  
7mm 

4 b 

BRIDGE PROTECTION STRATEGIES 

This section discusses a variety of protection stsate- 
pies for suspension cables, structural steel members. steel 
reinforcement. and steel bridge decks as o b s e n e d  in the 
three countries. The limited use of  de-ices salt3 is a factor 

'\, Z . ~ - ~ J L ~ C ~ : S E ~ ~ C ~ I ~ '  
Mam cable steel wire (galvanized steel wire) 



During installation on the cables. the advancing speed of the 
\\rapping machine is s) ,nchroni~ed \vith the wrapping speed 
to ensure secure interlocking, 

The latest HSBA system for corrosion protection of the 
main cables of s~~spens ion  bridges consists of the i11,jection 
of dry air into the main cable interior. The goal is to keep 
the humidity level inside the cable below 10 percent. This is 
the le\,el that their research indicates will prevent corrosion 
of the main cable \vises. The s ~ s t e m  is used on the Ahashi- 
K,  '11 ' k  g o  Bridge. a s h u n  in Figure 302. and will be u\ed o n  

the Kurushima Bridges. A schematic of the intallation is 
shown in Figure 30b. Installation of the s ls tem in\ol\,es the 
following steps: 

Weld the wrapping wire at two points to limit the un- 
\\ rapped area. 
Cut and rerno\,e wrapping u ire between \veld points. 
Dri\,e ~ o o d e ~ i  wedges into the cable to allow access to 
the centcr ot' the cable. 
In\tall moisture meters to continuousl!~ monitor the hu- 
midity within the interior of the cable. 
Install ~ ~ e r t n ; ~ ~ w ~ i t  pipes to allow i~ijection of air into the 
interior of the parallel \\,ire strand mass. HSBA tests 
indicate that i11,jection is needed at every 300 rn (656 f t )  
of cable length. Ho\\e\,er. the) plan to install injection 
ports approxiniatel) e \ery l I0  m (330  f t ) .  The interior 
volume of a main cable consists of u p w r d s  of 20 per- 
ccnr air. No additional longitudinal means is required 
to transmit the injected dry air. 
Connect pipes to a supply of dry air. 
Kenio\~e wedges. 
Re-wrap the exposed ares of cable with a neoprene 
\+rapping material. 

HSBA research indicates that only injection of dry air is 
necessary. Extraction of air is not necessarq although the 
\thematic diagram in Figure 30b includes an exhaust valve. 
HSBA'a research also indicates that it takes from 20 to 75 
daqh to reduce thc huniidity of the interior air to the 40 
percent target l ewl  once in,jcction begins. In addition to the 
use of this s)htem on n e u  suspen\ion bridges that will not 
have any anti-corro\ion paste installed. HSBA plans to retro- 
fit si~spclision bridges that ucre  constructed with an internal 
anti-corrosion pa\te. These built structures are quite similar 
to suspen\ion bridge5 in s e n i c e  in the United States today. 
HSBA has adopted an act i \e  system to control corrosion as 
distinct from passive systems that have been used in the 
United States. Pa\s i \e  s y \ t e m  rely on protective materials 
to pre\ent moisturc from penetrating into the cables. 

Mali> of the o \ w p s h  bridges observed in Japan used 
hot dip gal\,ani/ed steel members. The size of hot dip tanks 
in Japan allows for the use of this corrosion protection sys- 
tem. The sire of'these tanks was reported to be 3-m ( 10-ft) 
deep by 50-117 ( 1 W f t )  long. This i \  considerably larger than 
tanks available in the United States today. The Japanese 
representati\.es indicated that they do not a l lou for double 
dipping of steel girders. 

PWRI has been working u.ith an improved thermal 
spray system. The spraying units themselves have been 
made more portable. One unit can weigh as little as 36 kg 
(80 Ib). The new thermal spray system uses considerably 
less heat. Evidence \vas presented to demonstrate that the 



material can he safcl! sprayed o \ w  ;in unprotected hirni;~ri 
hand \I i t h o ~ ~ t  pain. The primar!. inno\ ation cli\cu\scd. ho \ \  - 
e \  cr. \\;as the metal used for the thermal spray. Rather ~ h a n  
using solely it /inc product that loses i t \  cft'ccti\c gal \ ;~nic  
protection s) stem rnpidl! or an  a lu rn in i~~n  spa!  that niainl! 
pro\ ides harrier protection. the l a p a n e x  ad\ocatc a 5 0 : 5 0  
split of these t ~ i . 0  materials h\, \olume.  I t  is e\pectcd that 
this \!\tern ol'fers the he\[ alternati\c for the1m11 spr;i! ap- 
plications. At tlie prcwnt time. i t \  u\e ha\ been re\cr\ ed for 
long-span bridges because of the high cost. 

South Korea 
In cooperation ~ i t h  ni+ior stcel proct~~ccrs. t'\i.KI ha\ 

been testing and e ~ a l u a t i n g  a significmt impro\enicnt in 
corrosion protection technolog!. Thih technolog! 1s a ncn 
\pub.-on product that u a s  referreil to a \  "suspicioir\ pririler." 
PiVIil research deliionstrated thtit the onl! I'LIII! stahlli/i.cl 
\\eathering steel bridge in Jap~un contained 3 to 1 percent 
chroniiuni steels. With that in niind. u \pr:i! -on primer procl- 
uct that \timulate\ the forriiation of the chromiuni steel\ \ \ ; I \  

de\eloped hq' one of their steel p ~ . o d ~ c e r s .  This p~~odirct u ;I\  

\ucces\fully tested b! PM'RI anel sent to ,ill major \tee1 \up- 
pliers in Japan to Iia\~e additional independent te\ting ccm- 
c l~~c ted .  O \ e r  the last !ear. test rcsi~lts Iia\.e been positi\e. 
The product \\auld be ~ ~ s e d  o n  all bridge \teels. regmile\s  of 
grade and chemical make-up. The product is commcrc~all! 
a ~ a i l a b l e  from the Sumitorno Met;d Industrie\. Ltd.. ;I\ the 
"h'eather-Act Method." Successful uwge of thi, p ro i i~~c t  
has the potential to enhance protection prx t ices  of \tee1 
bridges in the [Inired State\. 

For protection of' their steel structirres from cnrro\i\ e 
sea cn\.ironments. HSBA has eleveloped long-lil'e coating 
\!,\terns comprising cither pol!~irretha~ie or flnoro-pol!mer 
paints. The paint system is specified in  the tlSB;\ Painting 
Standard for Steel Bridges. This docuriicnr. \\rittcn in . l ; i p -  

nest.  \+as supplied to tlie t e a m  

For corrosi\.e protection of reinforcenienr in bridgc 
dccks. HSBA pret'crs to ~ ~ s c  50-nlni (?- in.  concrete c o \ c r  
rather than epoxy-coated reinforccnient a \  used in the I'niteci 
States. The Japan Roads Association has published giritlc- 
line\ for the protection of road bl-idgcs l'rom chloriclcs. Thc\e 
guideline\ arc reproduced in Table 1. For areas Liua!, I'rotii 
the coastline. the concrete co\.cr \,slues In Table 1 are Ic\\ 
than are required b! AASHTO .S/~c~c.jfi'c.i/riot~\. I t  \ \ a \  rc- 
ported that de-icing salts are used primaril!. in thi. north of' 
Japan but usage is not as hca\! as in the Lniteil States. 

In South Uore:~. steel bridges are guier;ill~ repainted 
i.\cr! 7 !car\ al'tcr clea~iing to hart tnctal. In the p i i t .  inor- 
ganlc /inc coating\ \icrc I'req~rentl! used. .A change to or- 
y n i c  coating\ i \  happeniiig b c c i i ~ ~ ~ i .  of' en\ ironrnentd con- 
cerns. Heat! dut! co;tting\ \\ ith a 75-!ear \\arrant! from 
the nianirt';icti~re~. h a \ c  hei.11 L I C ~ .  KHC doc\ not lia\.e ;ui! 
\\ eather~ng \tee1 hr~dgc \ .  a l t h o ~ ~ g h  thcre ma!. be t i \  o or three 
ounecl h! o t l i e r~  in South Korea. O n  \ome bridges. the 
contractor pro\.icle\ a 10-! car \I ;ur;~nt! on thewhole bridge 
ckcept for normal ~naintenancc.. The defects co\.ered b the 
warrant! ;u.c det'ined in the contract. 

I lo re  t h m  90 percent 01' the bridge\ in South Korea 
lia\,c ;I concrcte deck .-4ppro\i1n,1teI!, 00 percent of the 
deck\ are reinl'orcccl concrete \lab\.  Their bridge deck pro- 
tection htrategie\ inclucie attention to drainage s! sterns. de- 
\ign and maintenance iirid u\c of preformed sheet mem- 
br ,~ne\ .  and coating rnenlbranc\ or penetrating sealers. 
Recent change\ in their deck de\ign h a \ e  included increas- 
ing the concrete strength I'ro~ii 210 to 270 kgicn? 13410 to 
i810 pi 1. irlcrt.;ising the ;~nioirnt ol'rcinforcerncnt in the lon- 
gitudinA and rran\\ersc directions. anti increasing the deck 
ihickne\s. Dcch th~ckines\ is \electecl based on deck span. 
\pan tlircction. end condition\. tsaf't'ic \olurne. and degree of 
d i f c  to r c r .  ~ l in tn l~r r i i  deck thicl\ncs\ i \  22  crn 
i S . 7  in . , .  There II;I\ heen \o~i ic  irse of' epos!,-coated rein- 
I'orcL!111cnt 

Protection I'or po\ t - tcn\ ionin tendons is pro\ ided by 
grouting a h e n  the tendon\ arc in\iile the concrete. When 
tendon\ arc e ~ t c r n a l  to the concrete. grease is used to protect 
the tention\. 

111 T;ii\\ an. a 7-! car \ ~ a r r m t y  is gcnerall!. pro\ idcd for 
p1111ting 01' \tee1 \\it11 I0 !car\ o n  cable-sta! bridges. 
Orthotropic, \tee1 cicck\ arc co \  ereti bg 80 rnm t 3 .2  in) of 
ii\ph:ilt. .All other bridgc decks are co\ered with asphalt to 
improi c ricicabilit\. The a\phalt is replaced e\er! 2 years. 

Corrosion of ~ . c i r i l ' o r ~ e m m  In bridge decks does not 
appear to be a concern iri T a ~ \ \ a n  ax de-icing salts are not 



TABLE 4 Japan Roads Association-guidelines for concrete cover 

Minimum cover of reinforcing bar is shown in the table below and must be more than the 
diameter of the bar 

Level* 

unit: mm (in.) 

For painted bars, use the Specifications for Highway Bridges as shown below. 
For painted concrete surfaces, use the Specifications for Highway Bridges. 

*Levels by Regions 

Superstructure 

I Regional 

Under-surface 
deck 

Substructure 

I Category 

Girder 

' Pretensioned ( Other 

Beam 

Region 

Column 

Distance from shoreline Level n 
Okinawa Prefecture 

Coastline region of 

Prefecture 

Sea of Japan between 
Elokkaido and Fukui 

Other 

Above the sea or within 100 m (330 ft) 

Other 

Above the sea or within 100 m (330 A) 

200 to 300 m (660 to 985 ft) I 111 1 

I 

I1 

I 

100 to 200 m (330 to 660 A) I1 

Minimum Cover Given in Specifications for Highway Bridges 

Above sea 

Within 100 m (330 ft) 

unit: mm (in.) 
I Deck, Curb, Railing I Girder 

I 

I1 

I Minimum Cover ( 30 (1.2) I 25 (1.0) I 35 (1.4) I 

and Less than 10-m 
Slab Bridge Precast Other and More than 

10-m Slab Bridge 



used. Their primary concern is deterioration caused b\, 
cracking and carbonation. They indicated that their mini- 
mum deck thicknesses vary from 22 to 25 cln ( 8 . 7  to 
10.0 in. ) depending on span. 

Recommendations on Bridge Protection Strategies 

Based on the above observations. the following topics 
are recommended for further e \dua t ion  and possible appli- 
cation in the United States: 

Wrapping h i re  with interlocking cross section. 
Dry air injection system for corro\ion protection of 
cables. 
Flame or thermal spray metallizing. 
Special paint primer. 
HSBA paint system. 
Asphalt o\.erlays for orthotropic steel decks. 

INSPECTION AND REHABILITATION 
PRACTICES 

Inspection and rehabilitation practices \ a r i d  in the 
three countries. The following sections i u ~ n r n a r i ~ c  tlic in- 
formation learned in each countr?. 

Japan 

In Japan. it was reported that a detailed inspection of 
their bridges is performed e w r >  I 0  years. The primal-) in- 
spection method used in Japan is \isual.  Other nicthods. 
such as dye penetrant. magnetic particle, and ultrasonics are 
applied in sonic cnses. 

HSBA informed the team that the wearing surfaces of 
their bridges are inspected every day. O\ erhead portions of 
structures receive a cursory v i s ~ ~ a l  inspection at the sanic 
time. HSBA performs three types of detailed inspections as 
follows: 

Regular inpect ions of the main structural members arc 
conducted annually. The main girders. cables. towers. 
bearings. expimion joints. piers. and anchorages are 
checked for coating deterioration. concrete cracks. loose 
bolts. ~neniber  damage, and other unusual appearances. 
Detailed or configuration inqxctions are conducted c\ , -  
cry 5 year5 and involve nieasuremcnt of touer  inclina- 
tion. cable tension. \,ertical alignment. displacement of' 
expansion joints, temperature. displacenicnt of pier and 
anchorage. and relative displacement bet\veen the su- 
perstructure and substructure. 
Lnscheduled or extraordinary inspection\ are made af- 
ter unusual e\,ents and when required bq the result\ of 
the regular or detailed inspections. The bridpci are in- 

strumented to monitor responses to abnormal conditions 
\uch a5 erirthq~lakcs and \trong ~vinds.  

O n  the HSBA bridges. built-in tra\,ellers. lifts. gantries. 
catualks are prov~ded.  as \ h o n n  in Figure 3 I ,  to facili- 
ciose-up inspection and maintenance. Although come - 

new hridpeh in the 17nited State\ are noa incorporating 
qu ipn ien t  to facilitate inpcct ion.  most older hridgcs lack 
(111s cap~tbility. IISBA also includes features to facilitate 
component replacement such a \  the hanger connection 
\lion n in Figure 37. HSBA. In cooperation \kith the Japan 
Constructton Methods and hlachiner) Research Int i tute .  
has de\.eloped the repair robot as depicted in Figure 33 .  The 
rohot 1. cq~~ippecl  with .I \<ark-head ii.wnbl!., magnetic 
\+heel\.  and 7'L' canlcras. The robot is de\igned to tralel 
c)\.cr hol~ci i  zteci iurt'ace\ of \tructures. Pobxti;~l applica- 
tiom arc inspection and niinor niainteniuice of the steel to\\.- 
crs o n  thc HSHA hr.idgc\. 

For xssc'ssrnent 01' the load-carrying capac i t~ .  of existing 
bridges. the current l i \ c  1o;ld i \  compared first with the origi- 
nal dcsign I I \  e load and potentidl> \.ulnerublc a r e a  are iden- 
tified I f  necessar). the a \ \ ~ ~ r n c d  1s iilth o f  the uniform load 
is then r e d ~ ~ c e d  to the ~listancc froni c ~ t r b  to curb. Then. an 
o\,erhtrc\\ I'actor d e ~ ~ c t i ~ i e n t  O I I  the ratio of dead to I I W  load 
i \  a l l o ~ e d .  

Discu\\ion\ \+ it11 I'h'RI and f ' rofewr hliki indicated 
that the J a p m e w  do h a \ c  a problem u ith fatigue cracking in 
I n a q  ot'thcir older itccl struc.tu~~c\. The priniar!. problem is 
distortion I'atigue i l~tc  to seconclar! bending effects in the 
structures. Thcrc is a continiling need to de\.elop retrofit 
strittegie\ for thew s t r ~ ~ c t i ~ r e \ .  The present d q  fatigue de- 
sign pecif ic ;~t ion\  are \ e r ?  similar to thaw used in thc 
L'nitctl States. The Japanese helic\e that their current cie- 
\ign practice is elirninatins f,ltigue ns a problem for their 
n w e r  \tructures. 'TI112 i h  \ cr! \iriiilar to current practice in 
the Cnitcil States. 



South Korea 

In the area of rehabilitation. it was learned that tcmpo- 
r a y  post-tensioning has been used on simple span briclgc. 
\$ hile the deck was renio\ed. Alkali-silica reacti\ i t )  has 
been n b s e n r d  in bridge picrs that were 15 bears old. The 
piers w r e  sealed to pre\.ent moisture ingrc.5. C;uhon t'ibcr 
sheets arc being used to strengthen bridge deck\ and piers. 

TV camera 

TV camera 

Palnt contame 

TV camera 

Folloning collapse of the Sung-SLI Grand Bridge. a 
"Special Laan o n  Sal'ct! Management of Facilities" n,as 
p;is\ed. This la\< clas\il'ii.s bridge inspections a \  follons: 

Routine Inpect ion:  f'our times per year for all bridges. 
.Annual Inspection: once a )ear for major bridge\. (First 
m d  second class bridges as defined b), l a \ \ . )  
Emcrgcnc! Inspection: a \  neecled Sollo\\ ing emergen- 
tic\ or natural clisakter\. 
Iktailcd ln\pectioli: c\cr! 5 !ears for first class bridge\ 
\\ hich are at least I0 bears old. 

Tlic ncu lau requires that in\pectors be traincci and quali- 
I'ieii. 

K H C  currentl) ha\ the follo\\ing inspection program: 

Regular Inspection: t \+o times per >ear .  
In\pection of' Structures Identified for Observation: 
once per month. 
I~ispcctio~l ;it An! Tinie: a \  needed follou ing e n w g e n -  
tie\ or natural ili\astcr\. 

KHC has 36 hriilge inspectors. one in each pro\,ince. 
~uicl a ?5-p".\01i ; I I ~ ; I ~ !  s is/e\~;ll~~atioll  group in the main of- 
I'icc. Bricigc inspection st:uicIard\ are based on the L'.S. N11- 

tional Briclgc Inspection S tandard  ( K B I S )  and the National 
Bridge In\.cntor! ( N B I ) .  Equipment ~ ~ s e t l  in their inspec- 
tion\ incluclc\ \ iilcoca~i~cra.. half-cell potentiometers. ultra- 
sonic testers. and photogrammetry.'. Special techniques in- 
clucic load test\ and modal analbsis. Special repair 
techniques ha\ c i~icluclcd cuternol post-tensioning. 

Taiwan 

The Tai\\an Area National Free\~,a\: Bureau inspects its 
I'reeuay bridges [\vice per !,ear. Inspections are performed 
h! in-house \tal'l' \ \ho  h;~\ ,e  heen trained b! co~isultants. 
Bridge\ t h ~ t  are not part of the t'rctxa! are inspected e\ery 
3 year\.  The in\pcctors generally i ~ \ c  visual obser\ations to 
check deformatio~is of bridge hearings. deformation or 
settlement ol' piers. cucessi\e deflection of superstructures. 
crack L\ icltlis. concrete \palling. and ~ L I S ~  staining. Equip- 
ment i w d  for access and non-destructi\.t: testing is similar 
to that used in the United States. 

Recommendations on Inspection 
and Rehabilitation Practices 

Based on thc above obsen  ations. the following topics 
~c recommenrlcd for f'urther waluation a i d  pocsible appli- 
cation in the United States: 



Greater emphasis on built-in acce\s mil utilitie\ for 
bridge inspection and maintenance. 
.A repair robot for use in inaccessible area\.  

PROGRAhlhlING AND hI.AS.AGERIENT 
PRACTICES 

Verq little \+as 1e;irned about programming and m a n -  
agenient practices. I t  seems that practices in the Irnitcd 
States are more ad\.anced than those in the three countric\. 

Yone reported 

South Korea 

LIOTC has a bridge Inanagemcnt \ > i t e m  I'or national 
high~cays de\ eloped for hlS-M'intio\+ s u ith ;I gr'lphic u\er 
interface. The 5 regional construction iind maniigcment 01'- 
[ices and I9 highway maintenance and construction off'icc\ 
are c ~ n n e c t e d  through a c o n ~ p i ~ t e r  netu.ork. The bridge man- 
agemcnt sy\tem o f k r s  the f o l l o ~  ing I 'cat~~res: 

Input/output of \ a r i o u  hridge-related data. 
Inputioi~tp~rt for inquiries ahout inspection rc\iilts. 
Publication of status of bridges in the countr! . 

A decision-making system. 
Calculation of priority for repair. rchabilitiitron. or rc- 
placement. 
Selection ol'the method to repair or replacc ;I daniagcil 
bridge. 
Cilcdat ion of c o t s  t'or repair. rehahilitation. or r e p l ~ c c -  
rnent. 

KHC reported that they h a w  a s>stem 1'0s \mall bridges m d  
want to develop one for larger b~.idgc\.  The> h a \ c  studied 
PONTIS !'or possible use as a rnoclcl. 

Taiwan 

The T a i ~ a n  Area National Free\va! H U S C ~ L I  has had a 
bridge management sk stem ( BhlS)  \ince 1987. This s! stcni 
i n c l u d e  the basic in\,entorq and design. cons t r~~c t i (m.  111- 
spection. and maintenance infortnation for the bridge\. The 
system i \  being replaced with a n e w l  cle\elopeii BhlS that 
~ ~ s c s  a rating s>steni for hridgc dckc ts .  .A dcl'cct in .i bridge 
is rated t'or each of the follo\+.ing: 

Degree ot'severity of the det'ect. 
Ehtent ot' the defect o \ e r  tlic x e ; ~  of the component. 
Importance of the defect on  serviccubilit> and safet! 

'The scoriny i \  used to iletermine the priorit! for niainte- 
niincc and  budgeting. 

Tlic folio\\ ing m i ~ c e l l a n c o ~ ~ s  inno\ ations \ \ere  also 
nicnrioricd di~sing the tour. Ho\+c\.cr. dctiiilcd inforniation 
\i as not pro\ idcd 



PWRI is developing a scour detection de\.ice using the 
principle of a fish finder. 
The Japanese have built two corrugated web plate 
bridges with a wave length of 1.2 m (3 .9  ft) and a total 
amplitude of 200 to 300 mm (7 .9  to 1 1.8 in.). 
In South Korea, the team learned that steel fiber rein- 
forcement concrete is being studied as a means to re- 
duce cracking in concrete bridge decks. Steel fibers are 
added at 0.50 percent by volume. but finishing prob- 
lems have been experienced. 
KHC has used some instrumentation on bridges and 
seems to make extensive and effective use of intelligent 
transportation systems. 
KHC is planning to build a test road with two bridges. 
The test road will parallel an existing road and use regu- 
lar highway traffic. 

Recommendations on Other Innovations 

Based on the above observations, i t  is recommended 
that greater emphasis be placed on public relations programs 
for major projects. 

APPENDIX A AMPLIFYING QUESTIONS 

1. INTRODUCTORY TOPICS 

I .  1 What is the organizational arrangement for bridge own- 
ership, design, construction. maintenance. and funding? 

1.2 What are the current major issues related to funding, 
design, construction, and maintenance'? 

1.3 What is your relative market share of steel \,ersus con- 
crete bridges. What controls this market share'? 

1.4 How d o  you decide where and when to build new 
bridges'? 

2. DESIGN STANDARDS, CODES AND 
SPECIFICATIONS 

2.1 How are bridge design standards. codes, and specifica- 
tions developed. implemented. and updated'? 

2.2 What design approach is currently used (ser\,ice load. 
load factor, load resistance factor. limit state, or other)'? 
What changes do you anticipate in the future'? 

2.3 What are the design provisions for vehicular load. over- 
loads, earthquake. ship impact, thermal gradient. load 
combinations, scour. bridge deck replacement, environ- 
ment requirements. aesthetics. and redundancy with 
fracture critical members'? 

2.4 T o  what extent are performance specifications used'? 

3. DESIGN AND CONSTRUCTION 

What types of bridges. foundations, and construction 
methods are used'? How ore they selected'? 
To  what extent is design automated and how is this 
implemented'? 
To  what extent is design-build or design-build-oper- 
ate usedc? What types of specifications are used'? What 
are the results'? 
Do you consider user costs and public incon\,enience 
in design and construction? If so, h o w ?  
Are alternate designs prepared and can contractors 
submit alternate designs'? 
What aspects of design and construction are standard- 
ired'? 
How is the intent of a design implemented in the con- 
struction process'? 
How are designers and contractors selected and paid? 
What incentives or penalties are pro\.ided to designers 
and contractors'? 
How much are innovation. prefabrication. and auto- 
mation used in construction'? 

3.10 How are quality control and quality assurance of ma- 
terials and construction processes implemented'? Are 
in-place instrumentation systems used'? 

3 1 l What uarranties or guarantees are provided for rnate- 
rials and completed construction'? 

4. FABRICATION AND JOINING 
TECHNIQUES 

How closely do designel-s, steel producers. and steel 
fabricators work together'? 
What recent developments in materials technology and 
cutting or drilling techniques ha\,e made your plate steel 
manufacturing processes successful'? 
What is your experience with corrosion resistant weath- 
ering steels and g a l ~ a n i r e d .  metalized. or coated bridge 
steels'? 
What is your experience ~v i th  fatigue and fracture of 
structural steel\'? What conclu\ions ha \e  >.ou drawn 
from your experience'? 
How do )ou combine ease of erection and joining with 
the steel fabrication process? 
What is current state of knowledge and practice regard- 
ing cable design. fabrication. erection. inspection, and 
corrosion protection'? 
What prestressing systems, strand sires. corrosion pro- 
tection systems for post tensioning. types of precast con- 
crete joints. and external post-tensioning systems are 
you using'? What has been your experience'! 
What types of bridge bearings, deck joints. and deck 
drainage systems are used'? 



5. BRIDGE DECK PROTECTION S'TRATE(;IES 

5.1 What types of bridge decks arc used? What is the per- 
centage of each'! 

5 .2  What are the primary type5 and causes of brrdge deck 
deterioration'? 

5.3  What are your hridge deck protection \trategie\. ho\i 
are they chown.  and \vhat is done to promote iiurahil- 
i t \ '? How do differt'nt \tratcgies compare i n  term\ 0 1 '  
implementation. performance. m t l  cost. 

5 .4 What is the design life. cspectcd life. ~ tnd  a c t ~ ~ d  lif'c of 
your bridge decks? 

5.5 How is ill-wrvice bridge deck pcrform~uicc e \  aluateil'.' 

6. INSPECTION AND REHABII,ITATION 

6. 1 What t\pes of torniul bridge inspection programs are ~isecl'l 
6 .2 Hou is the progr;trii inipleriierited in terms ol' rcsponsi- 

hility. staffing. training. clir;tlification\ of irispcctor\. 
data collection. qualit\ control. in5pectiori f ' ~ q i ~ c n c ! .  
detail of inspec1iori. and application of' rcxult.'! 

6.3 Ho\i cio j .0~1 asses\ \ulnerahility of csi\ting bridge\ to 
failure from earthquakes. scoilr. o\,crloaii. \,chicle mcl 
\hip collision. steel details. :uicl concrete detail\' '  

6 . 1  What tool5 mcl techniques are used to identil'> chloricle 
penetration in coricrete: corrosion arid t'atiguc 01' struc- 
tural steel. nonprestressecl reint'orccriient, prc.trc\sing 
xtcel and \tay cables: and scoirr'! 

6 .5 b'hat t \pcs  of' equipn~ent  are used I'or accc\\.  \ i\u;il 
inspecti011 in inaccessible arcas. iion-clc\tructi\c tc\t- 
ing, underuater inspection. and ;lutornatcci inspec.[ion 
(camera\.  irist~.i~mentatioti. computer\. fiber optic\. and 
robotics )'.' 

6.6 U hat means ancl methods arc used to dt ' tcr~ninc 1o;ici 
carryi~ig capacity of existing bridges'! 

7 .  1 Do you h a \ c  an estahlisheci tl;ltab;tse ot'hridgc t \ l x  '111d 
co~idition'! 

7 . 2  U'hat informatioti do ~ O L I  collect and h o ~ \  is i t  irsccl to 
manage briclgcs and set priorities for rni~iritcnanc~c. im- 
pro\enients. and replacement5 of ' e i s t ing  hritlge~'.) 

7.3 l l o u  clo >ou  inclucle inl'orntation froni hridge in\pcc- 
tioris and hridge riiaintc~ia~ice progranls into I'iri;~nciiil 
decision\ and design stanclarcl\ and code\'.' 

7 . 1  Hen do \ o u  decide whether to rehahilitate or r e p l x ~  ;I 

hridge or hridge deck'.' 
7.5 L\!hat tecliniqi~cs are used in hridgc reh;thilitatiort l'or 

rcmo\,al of'esistirig material\. increasing load cap;~i,it!. 
qirality control and aswrance. retrofitting ol' fatlgi~c- 
sensitive details. treatnient of' lead-huscti paints. repair 
ol' \tour. rapid bridge cleck replacement. and rcplacc- 
Iiient of welding n i th  adhesrws'! 

3.1 What \ignificant in\c\tmcnts and ad\mccrncnts  have 
bccn niatlc in the last ten year5 to enhance the bridge 
clcxign arid cori5tructiori indu\tries'? 

3.2 t iou  arc inno\at i \c  nl~ttcrials (high-strength steel. high- 
pcrfornixicc concrete. light\\~eight concrete. fiher-rein- 
forced compo\itc riiatcrials. fiber-reint'orced concrete. 
high pcrf'ornlancc coatirig\. it~id gco-\ynthetic\) intro- 
duced and used in hridgc pro,jcct\'l M'ho proriiotc\ the 
clc\clopriierit and ~rtili/arion and \ ~ h o  accept5 sesponsi- 
hilit!.? 

8.3  To \rh~it extent are ilino\ati\e materials being uwd to 
pro\.idc lii$icr \trcngth and rnipro\,ed durabilit\'! 

8 .4 t lou i \  qualit!. control and per f ) r~nance  of inno\ative 
niaterials and riictliotl\ nlonitorecl'? Are in-place in\tru- 
ntcntatiori s!stcni\ il\ccl'! 

X.5 Li'hat rcsearcli J o  !,oil rciommcnd I'or d e r .  riiorc du- 
rable hridgc\'.' 

3.6 M l a t  I.cccrit '\pcricncc. rcccarch. and retrof'it ha5 thcrc 
hccn for c,ahlc-\(a! \ ihration\ causcd hy \t incl and 
rxi II'! 

I'his :tppenili\ contain\ a list oI'~iocuriients that \\ere used in 
rhc prcpar~~tion of' thi, report. 

Homhu-Shihohu Bridge . \ i ~ t h o r i t ~  



Japan Highwa) Public Corporation TAIWAN 

N;ttional Expre\sway Practices in Japan Taiwan Area National Freeway Bureau 
De\,elopnient o f  Tcchnolog~ for Expressway Bridges 

Annual Report I990 
l ' ;~i\\ .an Area National E,xprezs\4 a! Engineering Bureau In- 

Rletropolitan Expressway Public Corporation troduction 
llsichili-Li'uhu Viaducts Midcning Projcct. Sun Yat-Sen 

Nippon Steel Corporation 

Nippon Steel Kimitsu Works 
Japan's Steel Industry and Kimitsu Works 
Nippon Steel. Research 8r Engineering Center 
High Pcrfosmance Steel in Japan. Presentation for FHWA. 

September 18. 1997 
Miki. C. and Hornma. Ko,ji. "Application of High Perfor- 

mance Steels in Bridge Structure." 
Corrosion Protection System for Cables 

Yokogawa Bridge Corporation 

Yokoganx Steel Bridges & Frames 
Computerized Assembly and Testing System (CA TS) 
Torii. K.. Kojakura, Y.. and Takada, K.. " C ~ m p u t e r i ~ e d  As- 

sembling Test System for Steel Bridges: CATS." 
Challenges to Civil and Mechanical Engineering in 2000 

and Beyond. Conference June 2-5 1997, Wroclaw. Poland 

Japan 

September 14. 1997. Team Review Meeting 
September 15. 1907. Meeting \vith Honshu-Shikoku 

Bridge Authority 
September 16. 1997. Site Visits to Akashi-Kaikyo 

Bridge and Kojima-Sakaide 
Route 

September 17. 1997. Site Visits to Kurushima and 
Tatara Bridges 

September 18, 1997. Nippon Steel Corporation 
September 18. 1997. Yokogawa Bridge Corporation 
September 19. 1997. Meeting with Public Works 

Research Institute, Japan 
Highway Public Corporation, 
and Metropolitan Expressway 
Public Corporation 

Sumitomo Metal Industries, Ltd. 
South Korea 

Weather-Act Method 

SOUTH KOREA 

Ministry of Construction and Transportation 

Roads in Korea 

Korea Highway Corporation 

Korea Highway Corporation 
Highway Research Center 
Seo-Hae Grand Bridge 

Ssang Yong Engineering & Construction Co., Ltd. 

Kimp'o Grand Bridge 

September 2 1 ,  1997. Team Review Meeting 
September 22, 1997. Meeting with Korea Highway 

Corporation 
September 22, 1997. Site Visit to Seo-Hae Grand 

Bridge 
Septemher 23. 1997. Site Visit to Kimp'o Grand 

Bridge and Youngjong Bridge 
September 23, 1997. Meeting with POSCO Manufac- 

turing Corporation 

Taiwan 

September 25. 1997. Site Visit to Kaohsiung 
Beltway. Chishan Branch. and 
Kao-Ping Bridge 

September 26. 1997. Meeting with Taiwan Area 
National Expressway Engineer- 
ing Bureau 



September 76. 1997. Site Vihit to Hsichih-M'uku 
Viaducts and Traffic Sur\,cil- 
lance and Control Cenler 

September 77. 1997. Team Kcvie\+ hlceting 

APPENDIX D TEAXl hIEhlHERS 

The team consi\tcd of representatives I'ron~ 1I.S. teilcriil. 
state. and pri\,ate wetor agenuit.\. Thi\ appendix contain\ 
brief' biogri~phical information about each team ~iic~i ihcr .  

hlr. Charles (Chuck) I,. Chambers. Team Co-('hairnian. 
is a Senior Structural Engineer. in the Ol'l'icc of 1:ngirictr- 
ing. Bridge Division. FHWP\. Wa\hington. I IC ' .  

Mr. James E. Siebels. Team C'o-Chairrnan. is the ('liicl' 
Engineer for Design anti Construction lor the C o l o r d o  
IIOT located in Denver. Colorado. 

hlr. Ralph E. Anderson is the Bureau Chief of Bridges and 
Structures for the Illinois DOT in Springfield. Illinois. 

Mr. John P. Formosa is the Division Bridge Engineer for 
the New York Division of the FHW:Z in Alhm!,. Ne\\ 
Y ork. 

Mr. John hl. Hooks is the team leader for the Structures 
Applications Tcani. Office of Technolog!, Applications. 
FHWA in Washington, DC. 

Dr. .John M. Kulicki is President and Chief Engineer of' 
blodjeski and Masters. Inc.. of Harrisburg. Pennsyl\.nnia. 

hlr. Jerry L. Potter i \  the State Structures Design Engineer 
for the Florida DOT in Tallahassre. Florida. 

Dr. Henry G. Russell is an engineering co~lsultimt \ \ho 
special ixs  in concrete design. c o n s t r ~ ~ ~ t i o n  and rcse;ircli. 

hlr. James E. Sothen is Director of Structure\ Di\ ision for 
the West Virginia Division of H i g h u a j s  located in 
Charleston. Wezt Virginia. 

hlr. William J .  Wright is a rcsexch structural cnginccr in 
the Structures Division of the FHWA's Of'ficc ol' Iingi- 
neering Research and Development. uliere he h ,~ \  uorLcci 
for the last X years. 

hlr. George Y. Yamamoto is u registered ci\,il c l i~ inccr  
v, orking for the Calil'ornia DOT. 

APPENDIX E ACRONYhIS 

.Japanese Organizations 

HSBA Honshu-Shikoku Bridge Authorit!, 
J H Japan Highu'ay Puhlic Corporation 
JSCE Japan Society of Civil Enginters 
J I S Japaneie Industrial Stiuidard\ 
MEPC Metropolitan Expressway Public Corporation 
PWKI Public Works Research Institute 

Korean Organizations 

RPR HUI.~;LLI of Public Ko;~ds 
O C  hlini\tr> o t  ('onstruetion iuid Transportation 
Kf I< '  Korea I-Iighu a! C'orporation 

Taiwanese Organizations 

110TC' hlini\tr! 01' Tran\portation and C'oninii~nieat~on 

L.S. Organir a t' ]on\ 

A\soc i ;~ t~on  01'  .American Railroads 
Arnericiui A \ \ o c i ~ t i o ~ i  of State Fligh\\i~> and 
Tran\port;ition Of't'ic~al\ 
American ('o~isulting Engineers C o ~ ~ n c i l  
A\wciarcd (kncral  <'ontractor\ 
Anlcrica~i Institute 01' Steel Con\truction 
A~iierican Iron a ~ i d  .(;tee1 Institute 
A~iiericiui Koacl x i c l  Transportation Builder<' 
A\socixtiori 
American Scgrliental Bridge Institute 
American Societk t'or Testing and Materials 
IIcpart~nent o i  T~mspor ta t ion  
Fetlcral tliyh\t.a! :Zil~iii~iistr;ition 
f:crleral R:iilro;icl Adrninistration 
Nation;il C'ooprrative High\+ay Research 
Pro, "riim 
National S~cc'l Bridge Alliance 
National Scitnce Foi~~idat ion 
Portland ('tnicnt As\ociittion 
Preca\t/Prertr~~\secl ('oncrete Institute 
Tran\lx~rtation Kc\casch Roarci 
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